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NEUROPATHOLOGICAL FINDINGS IN CHILDREN 
WITH INFANTILE SPASM AND HYPSARRHYTHMIA 


By ERNA CHRISTENSEN and JOHANNES C. MELCHIOR 


The clinical picture of infantile spasms has 
been known for a number of years, and a variety 
of names has been used to describe the condition: 
Salaam convulsions, (West 1841), Nickkrampf 
(Willshire 1851), Blitzkrämpfe (Moro 1925), 
Akinetic seizures (Lennox 1945), Blitz-Nick- 
und Salaamkrämpfe (Zellweger 1948), Pro- 
pulsiv Petit Mal (Janz & Matthes 1955), Epi- 
lepsia Myoclonia Infantilis (Brandt & Mel- 
chior 1960). 

The seizure is characterized by a series of 
single convulsions, varying in number from a few 
to more than 50, and each convulsion, lasting 
only a second, consists of a forward move of the 
head, abduction of the arms and flexion of the 
hip joints and very often of the knees. 

The infantile spasms occur within the first vear 
of life, and most frequently in the first months. 
Very often they result in severe mental retarda- 
tion and early death. In 1952 Hess & Neu- 
haus, and at the same time Gibbs & Gibbs 
showed that this clinical picture very often was 
accompanied by a specific electroencephalogra- 
phic picture, which Gibbs & Gibbs called 
“Hypsarrhythmia”. However there are cases of 
infantile spasms without this EEG finding, even 
some with normal EEG. Treatment of this dis- 
order has been rather disappointing even though 
a number of different methods have been tried. 
Besides the various anti-epileptic drugs usually 
applied, antibiotics have been given (Gibbs, 
Flemming & Gibbs 1954) on the basis of 
a presumed encephalitis, and Lo w et al. (1958) 
tried a diet with minimal amounts of various ami- 
no acids because of a similarity in the clinical 
picture with that seen in cases of phenopyruvic 
acid oligophrenia. All the various treatments we- 
re of only moderate effect. The most encouraging 
news camè in 1958 when Sorel & Dusaucy- 
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Bauloye published the first results of treat- 
ment with long acting ACTH and showed that in 
a number of cases the seizures stopped and in 
some cases the EEG was normalized. This report 
was supported by several others in the next vears 
(Low 1958; Stamps, Gibbs, Gibbs & 
Rosenthal 1959; Dumermuth 1959; 
Hansted & Thygesen 1959; Troja- 
borg & Plum 1959; Kigrboe & Damgârd 
1960; Brandt & Melchior 1960). There is 
no doubt that in a number of cases the EEG be- 
comes normal, and in some cases the seizures 
stop, but so far there is no real evidence as to a 
definite change in the mental prognosis, due 
mainly to a too brief period of observation. 

The pathogenesis and etiology of the symptom 
infantile spasms have not vet been clarified. A 
number of different theories have been advanced 
concerning these problems: 


1) Infections. 

2) Demyelinating disorders such as leucoence- 
phalopathies. 

3) Autoimmunization. 

4) Enzymatic defects in metabolism. 

5) Intrauterine damage, presumably rather late 
in pregnancy. 

6) Birth injuries with anoxia and similar com- 
plications. 

A possible way to obtain information concern- 
ing these problems is through the results of pa- 
thological anatomical examinations of the central 
nervous system. This has been done in some ca- 
ses of Blitzkrämpfe and similar clinical diagnosis, 
but in these cases there have been no electro- 
encephalographic findings, and often the clinical 
picture is doubtful. There is only one report of 
autopsy findings in cases with both the clinical 
picture of infantile spasms and the characteri- 
stic EEG changes. This was made by Bam ber- 
ger & Matthes (1959) on a boy who showed 
symptoms from the age of 4 months and who 
died at the age of 9 months. The autopsy was 
performed by Diezel who found microgyria 
localized in the occipital region and the inferior 
surface of the brain. 
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Furthermore there were nodes of heterotopic 
tissue in the periventricular area of the lateral 
ventricles. He also found some perivascular glio- 
sis and corresponding to the areas with micro- 
gyria an arrested development of the cell struc- 
tures, There were no signs of demyelination or 
infection. The same negative findings in 3 cases 
are reported briefly by Low (1958) but further 
studies are not yet published. In the reports of 
Trojaborg & Plum 4 cases with autopsy 
findings are briefly mentioned as well as one case 
in the paper by Brandt & Melchior. 

This report on the more detailed pathological 
findings in cases with infantile spasms and 
hypsarrhythmia is based on these 5 cases to- 
gether with one more. 

The clinical findings are seen in table I, and 
are characteristic of the disease with the seizures 
starting at an age of a few months and leading 
to death at an early age. There were no effects 
whatsoever of ACTH treatment in these cases. 


MATERIAL 


No. 1. Male, one year of age. 

Clinical summary: No history of neurological dis- 
orders in the family. Mother had Asiatic Influenza 
during fourth month of pregnancy. The patient is 
Twin A, the delivery was difficult and forceps were 
used. Birth weight: 2500 g. No asphyxia. The twin 
sister is well. At an age of 5 months he was found 
to have a tetraplegia, and he started to have infantile 
spasms at an age of 6 months. Pneumoencephalogra- 
phy showed a severe diffuse dilatation of the ventri- 
cular system. He was admitted twice to pediatric 
clinies. In the last weeks before he died from pneum- 
onia he was treated with long acting ACTH with no 
effect, 

Clinical diagnosis: Encepalopathia congenita; tetra- 
plegia spastica; hypsarrhythmia; gemellus A; atrofia 
cerebri; pneumonia. 

Autopsy findings: Bronchitis mucopurulenta; ate- 
lectasis partialis pulmonum; hyperplasia lymphono- 
dorum mesenterii. 

Brain autopsy: The brain surface was normal, 
but there was a slight degree of microcephalia (Brain 
weight 760 g). Coronal sections revealed a moderate 
dilatation of the ventricular system. The periventricu- 
lar tissue was yellowish and solid with calcifications. 
Brain stem and cerebellum were macroscopically nor- 
mal. 

Histological examination: In the cortical grey sub- 
stance subpial gliosis and atrophy of the nerve cells 
occurred especially in the cortical layers (Fig. 1). The 
stratification and myelinisation were normal. Around 
the dilatated ventricular system gliosis, calcifications 
and perivascular encephalomalaciae of varying age 
could be seen, more pronounced in the white sub- 
stance, the caudate nuclei (Fig. 2) and the internal 
capsules, less pronounced in thalamus. In some of the 
encephalomalacic processes a great deal of lipoid- 
containing macrophages was present, other processes 
were old with gliosis and development of connective 
tissue and vessels. Here severe ganglion-cell atrophy 
and myelin degeneration occurred. 

No abnormalities could be seen in the brain stem 
and the cerebellum. 





Fig. 1. 

Case No. 1. Cortical Grey Matter and Subecortical 
Tissue with Alrophie Ganglion Cells, Gliosis and 
Perivascular Edema. 

(H-E stain) Xx 140. 


Histological diagnosis: Gliosis corticalis et periven- 
tricularis cerebri; calcificationes periventricularis ce- 
rebri; encephalomalaciae veteres corporis striati utri- 
usque; (status dysmyelinatus); hydrocephalus in- 
ternus |. gr. 


No. 2. Male, 2 years and 6 months of age. 

Clinical summary: No history of nervous diesases 
in the family. The mother had rheumatic fever at an 
age of 9 vears, but no complaints later. Influenza 
during 6. month of pregnancy. Delivery normal. No 
neonatal symptoms. He started with infantile spasms 
when he was 4 months old, when he was 5 it was 
evident that he was backward in motor development! 
and presumably also mentally retarded. At that age 
he was admitted to a pediatric department, and an 
airstudy showed diffuse dilatation of the ventricular 
system. He continued to develop vere slowly, and 
often had episodes of fever. When he was 2 years of 
age he was admitted to another pediatric service in 
a very bad condition with high temperature (41.3) and 
died within a few hours. 





Fig. 2. 
Case No. 1. Gliosis and Calcification in Caudate 
Nucleus. 
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Fig. 3. 


Case No. 2. Coronal Section of the Brain. Poly- 
porencephaly in Both Striated Bodies Mostly 
on the Left Side. 
Clinical diagnosis: Tetraplegia spastica; 
oligophrenia; epilepsia symptomatica. 

Autopsy findings: Pneumonia. 

Brain autopsy: Macroscopic examination showed 
nothing abnormal in the right hemisphere brain stem 
and cerebellum, but the left. hemisphere was partly 
transformed to a large cyst containing clear, thin 
fluid. The cyst extended from the back part of the 
left frontal lobe down into the temporal lobe and into 
the premotor and postmotor gyri as well as into the 
supramarginal and angular gyri. 

Coronal sections revealed (Fig. 3) that the whole 
left hemisphere and striated body outside the frontal 
and occipital pole and thalamus were involved. There 
were 2—3 mm original tissue surrounding the cyst 
wall. The cyst was traversed by numerous trabeculae, 
it did not communicate with the ventricles. On the 
right side cystic degeneration occurred in the caudate 
nuclei and the putamen, and the tissue was sclerotic 
especially around the cyst in the striated body. 

There was a marked diffuse ventricular dilatation 
and the whole ventricular system was displaced to the 
left. In the cerebellum the white substances was sclero- 
tic, otherwise no macroscopic abnormalities occurred 
here, in the fourth ventricle or the brain stem. 

Histological examination: The cyst walls and trabe- 
culae of the cyst consisted of fibrillar astrocytes, and 
in the periphery of the cyst walls small perivascular 
encephalomalaciae with lipoid-containing macrophages 
and the the first stages of astrocyte proliferation 
could be seen. On the ventricular wall neighbouring 
the eyst wall granular ependymitis occurred. No in- 
flammation or hemorrhages could be seen. In the 
remaining parts of the cortical grey matter there was 
normal stratification, but both the nuclei in the 
ganglion cells and glial cells seemed to be pycnotic, 
and the cells showed varying degree of atrophy. Seve- 
ral cerebellar gyri contained atrophic Purkinje cells 
and in the corresponding subcortical tissue myelin de- 
generation and astrocyte proliferation occurred. In 
the brain stem no abnormalities could be found. 

Histological diagnosis: Polyporencephalia (inprimi 
hemispheris sin.), seq. anoxiae cerebri? Atrofia corti- 
calis cerebri et cerebelli; hydrocephalus internus. 


No. 3. Male, 2 vears of age. 
Clinical summary: No familíal history of nervous 
disorders. The pregnancy was normal, but delivery 


mmm 


was very difficult, with forceps and incomplete as 
phyxiation the first days of life. At 6 weeks he was 
admitted to a pediatric department, and a diagnosis 
of encephalopathia atroficans and tetraplegia spastica 
was established. After discharge, several time a day 
he had seizures of the type of infantile spasms. He 
was readmitted at an age of 1 vear still having seiz- 
ures several times each day, and now showing a se 
vere degree of mental retardation. Pneumoencephalo- 
graphy showed a severe dilatation of the ventricular 
system. He was admitted to a state institution for the 
feebleminded and died at an age of 2 years. 


Clinical diagnosis: Hydrocephalus internus mg. gr; 
tetraplegia spastica; asphyxiae seg. 

Brain autopsy: There was a very pronounced micro- 
cephaly (brain weight 250 g), and microgyria especi- 
ally in the neighbourhood of both sulci centrale Ro- 
landi. Also a severe degree of hydrocephalus was 
present. The brain tissue around both frontal horns 
and left occipital horn had only a thickness of 34 
mm. Both temporal lobes, brain stem and cerebellum, 
as well as the sylvian aqueduct and fourth ventricle 
were normal on macroscopic examination. 

Coronal sections revealed beside the monstrous ven- 
tricular dilatation also numerous polyporencephalic 
processes of varying size. These could be seen both 
in the cerebral grey matter, the white substance and 
to a lesser degree in the basal ganglia. 

Histological examination: The walls of the numer- 
ous cysts and the trabeculae traversing the cysts 
consisted of fibrillary astrocytes. In the cyst walls 
small perivascular encephalomalacic processes could 
be seen, some of which were fresh with macrophages 
containing lipoid, some older and cystic with astro- 
cyte proliferation along the walls. On the ventricular 
walls along the big cyst small astrocyte granulomes 
could be seen. 

In the remaining part of the cerebral grey matter 
varying alterations could be seen, especially in the 
left hemisphere. The ganglion cells were not fully 
developed and beside this atrophy of the ganglion 
cells, proliferation of astrocytes and calcifícations 
(Fig. 4) occurred. Also in the striated bodies several 
degenerating foci of varying age could be seen. Ex- 





Fig. 4. 

Case No. 3. Cortical Grey Matter and Subcortical Tissue 

with Abnormal Ganglion Cells, Gliosis and a Zone of 
Calcification. 


(H-E stain) Xx 140. 
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Fig. 5. 
Case No. 4. Cortical Grey Matter with Immature Gang- 
lion Cells and Delayed Stratification. 
(Gallocyanine Stain) Xx 72. 


amination of the brain stem and cerebellum did not 
reveal any abnormalities. 

Histological diagnosis: Microcephalia et dysplasia 
corticalis cerebri; polyporencephalia cum atrofia in- 
primi corticalis cerebri et hydrocephale interne e 
anoxia cerebri. 

The delayed development of the ganglion cells may 
be due to the hydrocephalus. 


No. 4. Male, 8 months of age. 

Clinical summary: No history of neurological dis- 
orders in the family. Pregnancy normal. Delivery in- 
duced by injections. No asphyxiation at birth. Birth 
weight 3280 g. He was rigid the first days and often 
placed himself in an opistotonus position. Since 1 
month of age, he had seizures of infantile spasms. 
He was admitted to a pediatric department when he 
was 4 months old and again at an age of 8 months. 
Just before he was going to have an airstudy done 
he died in hyperpyrexia. 

Autopsy findings: Atelectasis pulmonis dx.; broncho- 
pneumonia. 

Brain autopsy: Brain weight 950 g (normal). The 
development of gyri was normal on macroscopic ex- 
amination, but the consistency was soft as in a brain 
of a newborn child. Coronal sections did not reveal 
any macroscopic abnormalities. 

Histological examination confirmed the delayed de- 
velopment of the brain as the ganglion cells were 
immature and the stratification delayed (Fig. 5). 
Myelinisation could only be seen in the internal cap- 
sule. No abnormalities could be seen in the brain 
stem and cerebellum. The development here seemed 
to be normal, both in the grey and white substance. 

In the subcortical white matter of the postcentral 
regions small cystic perivascular encephalomalacic 
processes with glial proliferation could be seen 
(Fig. 6). 

Histological diagnosis: Dysplasia cerebri; encephalo- 
malaciae perivascularis regionis postcentralis utrius- 
que. 


No. 5. Male, one year and 8 months. 

Clinical summary: The mother had been under 
medical treatment with thyreoidine for 8 years, and 
continued this treatment during pregnancy, but had 
stopped treatment since then. Delivery was 4—5 weeks 
before expected time, birth weight 2200 g. No neonatal 
symptoms. 5 months old he started having infantile 
spasms. He was admitted to a pediatric hospital twice 
and at an age of 1 year an airstudy showed diffuse 
dilatation of the ventricular system and presumably 
too much air on the surface of the brain. 


The further course was steadily downhill. He was 
admitted to an institute for epileptic children, where 
he showed severe mental retardation. He died from 
pneumonia at an age of 1 vear and 8 months. 

Autopsy findings: Brain weight 1100 g. Gross ex- 
amination showed some microgyri of both parietal 
and occipital lobes especially of the left hemisphere. 
Coronal sections did not reveal any abnormalities 
otherwise than a three mm wide cyst in the septum 
pellucidum. The ventricles showed very little dilata- 
tion. 

Histological examination: The ganglion cells in the 
cortical grey matter were immature and the strati- 
fication was incomplete. Atrophy of the ganglion cells 
and gliosis could only be seen in the cortex from the 
motor region. The myelinisation was insufficient in 
proportion to the age. Mvelin degeneration and gliosis 
did not occur in the white substance, and the epen- 
dymal cells on the ventricular walls were normal. A 
small degenerative cyst with gliosis in the surround- 
ing tissue could be seen in the columns of fornix. 

In the cerebellar cortex the number of Purkinje 
cells was diminished, but the cells which could be 
seen were normally. developed. The other layers in 
the cerebellar cortex, the white substance and the 
nuclei did not show any abnormalities. This was also 
true in the brain stem and the basal ganglia. 

Histological diagnosis: Dysplasia inprimi corticalis 
cerebri and cerebelli; cystis septi pellucidi; encephalo- 
malaciae vetus columnae fornicis. 


No. 6. Male, 2 vears and 5 months of age. 

Clinical summary: The father has a mild case of 
cerebral palsy with no difficulties since a tenotomy 
was done on the left leg when he was 7 vears of age. 
The pregnancy and birth were uneventful, but the 
child developed a slight jaundice lasting for 3 weeks, 
and blood test revealed a possibility of type A. im- 
munization. He started to have typical seizures at an 
age of 6 months. An air study done when he was 9 
months old, showed dilatation of the ventricular sy- 
stem and an increased amount of air on the surface of 
the brain. Treatment was started with ACTH and meti- 
corten when he was one year old. There was no effect 
from this treatment or any other treatment with 
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Fig. 6. 
Case No. 4. Subcortical Perivascular Encephalomalacic 
Proces from the Posteentral Region. 


(H-E stain) 145. 
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Case No. 6. Cortical Grey Matter with Immature Gang- 
lion Gells and Delayed Stratification. 
(Gallocyanine) X 35. 


anti-epileptic drugs. The course was downhill and he 
died at an age of 2 vears and 4 months from pneu- 
monia. 

Autopsy findings: Atelectasis pulmonum; bronchio- 
litis mucopurulenta; bronchopneumonia. 

Brain autopsy: Brain weight 960 g. Gross examin- 
ation showed irregular microgyri and depressions on 
the surface of the brain especially of the left occipital 
lobe. Cerebellum was small and hard, while the brain 
stem was macroscopically normal. 

Coronal sections revealed moderate dilatation of 
both side ventricles and III ventricle, where the cross 
diameter was 10 mm. The fourth ventricle was only 
very slightly dilated. The consistency of the white 
substance was very solid, especially in the cerebellum 
and the whole cerebellar cortex was atrophic both in 
the paleo- and neo-cerebellum. 

Histological examination: Revealed edema, acute 
stasis and in some places fresh perivascular hemor- 
rhages. The cortical grey matter was immature with 
incomplete stratification and incompletely developed 
ganglion cells. The pyramidal cells were especially 
immature and their number was diminished (Fig. 7). 
The abnormalities were most pronounced in the pre- 
motor and occipital regions. The myelinisation was 
delayed both in the white substance and the basal 
ganglia. Glial proliferation could only be seen in the 
subpial and periventricular regions (Fig. 8), and the 
ependymal cells were lacking in some areas. No oc- 





Fig. 8. 
Case No. 6. Periventricular Gliosis. 
(Mahon Stain) Xx 35. 








Fig. 9. 

6. Cerebellum with Diminished Number of 
Purkinje Cells and Ganglion Cells in the Granular 
Layer. 

(H-E Stain) X 35. 


Case No. 


currence of inflammation or large hemorrhages. The 
small perivascular hemorrhages were fresh. The 
number of Purkinje cells and ganglion cells in the 
granular layer was diminished, but the cells present 
were normally developed (Fig. 9), and neither here 
nor in the white substance where the myelinisation 
was delayed did any gliosis occur. The basal ganglia 
and brain stem did not show any abnormalities. 
Histological diagnosis: Edema et stasis cerebri mg. 
gr.; dysplasia inprimi corticalis cerebri and cerebelli; 
hydrocephalus internus cum gliose periventricularis 


L. g. 


DISCUSSION AND CONCLUSION 


If any conclusions as to the origin of the hyps- 
arrhythmia can be made from the autopsy results 
of these six patients they must be the following: | 
Abnormalities were found in the cortical grey ! 
matter of all six patients and in the cerebellar | 
cortex in three cases. 

They were all boys between the age of 8 months 
and 2 years and 5 months. They can be divided 
into two groups with three cases in each and 
with transitional cases between the two groups. 

In the first three cases there is information ! 
about exogenic causes such as diseases during | 
pregnancy and difficult delivery. In those three 
cases microcephaly, hydrocephalus, porencephaly 
and/or severe gliosis (and in one case calci- 
fications) occurred. Dysplastic abnormalities also | 
were found but these were considered secondary 
to the degeneration. The normal development had | 
been delayed in the perinatal period due to the ! 
exogenic factors. 

In the last three cases no information of exo- 
genic causes during pregnancy or delivery exists. 
However in one case the mother had influenza 
during her pregnancy. The deliveries had ass | 
normal, but one was premature. The brains were | 
of normal size, hydrocephalus did not occur or 
was very slight. Histological examination revealed 
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developmental abnormalities both in the cortical 
grey matter of the brain and cerebellum and in 
the white matter. Degenerative changes occurred 
only in a slight degree. 

The most probable explanation of the occur- 
rence of hypsarrhythmia in these six patients 
may be that the ganglion cells in the cortical grey 
matter are abnormal, maldeveloped or degenerated 
before maturation. 

Therefore the occurrence of hypsarrhythmia 
must be considered as a phenomenon of infancy 
— a symptom — and not a disease sui generis. 

The explanation of the fact that treatment with 
ACTH improves or even cures some of the patients 
may be the following. One can expect that this 
therapy can give results in patients with delayed 
maturation of the central nervous system i.e. in 
cases with “inborn errors of metabolism”. These 
may also recover spontaneously according to the 
maturation of the nerve cells. In the patients with 
severe degenerative processes no result can be 
expected from the treatment. 

This hypothesis would cover the effect of anti- 
biotics in cases with an infectious etiology and 
explain that some cases respond very well to 
antiepileptic drugs. Finally the changes could be 
a delayed but otherwise normal development of 
the central nervous system, and these could be 
the cases with spontanous recovery. 


SUMMARY 


Six autopsy reports are presented from children 
with infantile spasms and “Hypsarrhythmia”. The 
pathological-anatomical findings represent endo- 
genous as well as exogenous changes and transi- 
tional cases. 

The typical findings in all cases are changes in 
the cortex, either degenerative or dysplastic alter- 
ations. 

The theory is presented that infantile spasms 
and hypsarrhythmia depend on two factors: 1) 
the degree of maturation of the nervous system 
and here especially the ganglion cells and 2) the 
age of the patients, so that the syndrome only 
can be seen when there is a certain discrepancy 
between 1 and 2. 


This can explain the multitude of etiological 
theories and the effect of various therapeutics 
including ACTH. 
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IS PROPHYLACTIC TREATMENT OF THE EYES OF NEWBORN 
INFANTS STILL NECESSARY? 


By H. H. SEEDORFF 


It was the object of the present study to assess 
the status of prophylactic instillation of the eves 
of newborn infants and to ascertain whether its 
value is in reasonable proportion to the ever 
present risk of erroneous instillation. When Cr é- 
d é, in 1881, suggested treating all newborn infants 
with a 2 per cent solution of silver nitrate, gono- 
coccal infection was estimated to be responsible 
for 80—90 per cent of all cases of conjunctivitis 
in the newborn. In Denmark, Stadfeldt, in 
1909, found that 55 per cent out of 333 cases of 
ophthalmoblenorrhoea were due to gonococcal 
infection. 

After the introduction of treatment with silver 
nitrate, there was a rapid fall in the incidence of 
ophthalmoblenorrhoea. Crédé reported a de- 
crease from about 10 per cent of all newborn 
infants to about 0.2 per cent. Analysing the Swiss 
statistics of blindness, Franceschetti & 
König (1955) found that the incidence of oph- 
thalmoblenorrhoea neonatorum as a direct cause 
of blindness had dropped from about 26 per cent 
to 6—8 per cent during the period 1844—1894 as 
compared with the vears 1894—1944. As far as 
Denmark is concerned, it may be mentioned that 
the last case of visual impairment due to gonor- 
rhoeal ophthalmoblenorrhoea was recorded in 
1934. From other countries an incidence of 2 per 
cent was reported in 1955. 

Owing to these highly encouraging results, 
instillation of silver nitrate of all newborn in- 
fants was made obligatory in most European 
countries and in many states of the U. S. A. In 
England, where it is not obligatory, no small 
number of gonococcal conjunctival infections are 
still being reported (Browing 1936, Sorsby 
& Kane 1949). As far as Denmark is concerned, 
[ have learnt that not a single case of gonococcal 
infection has occurred among approximately 
50,000 infants born during the past 10 years in 
various maternity departments. It must be borne 
in mind, however, that this favourable develop- 
ment it not due exclusively to the application of 
silver nitrate, but also to the advances in the 
fight against venereal diseases and the advent 
of antibiotic therapy. 

Numerous investigations have been concerned 
with the prophylactic value of silver nitrate 
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therapy against non-specific conjunctival infec- 
tions in the newborn. The interval after birth 
before a bacterial flora is demonstrable in the 
conjunctival sac has been studied by Br een d- 
strup, Langvad Nielsen & Porsaa 
(1945). Surveys on the most common bacteria in 
the conjunctival sac of the newborn have been 
published by Sorsby & Kane (1949), Mann 
(1954), Solmons et al. and others. In connec- 
tion with Sorsby & Kane’s studies in Eng- 
land it is interesting to note that out of a series 
of 151 newborn infants, conjunctival infections 
were due in more than 9 per cent to gonococcal 
infection. Mann studied the significance of pro- 
phylactic instillation with silver nitrate for the 
occurrence of ophthalmoblenorrhoea in general. 
She found that untreated infants were far more 
liable to conjunctival infections than treated 
infants. A similar result has been reported by 
Zimmer & Kremsen (1955). 

After the advent of antibiotics, various authors 
suggested their use for prophylactic instillation 
instead of silver nitrate. This suggestion was made 
in order to avoid chemical (argentum) conjunc- 
tivitis which had long been considered an essen- 
tial disadvantage of silver nitrate instillation. The 
reported frequency of such irritation states dif- 
fers, being generally about 30 per cent of all new- 
born infants (Martius 1951, Thomas, Le g- 
ler & Leuxner 1953). The signs are reddening 
and swelling of the lids, discharge, and in excep- 
tional cases stenosis of the lacrimal duct. Some 
of these cases are presumably due to the use of 
too strong solutions or solutions which have been 
stored too long. As regards the latter item, it is 
well-known that the solutions form free nitric 
acid on standing (Stein 1917). One recent paper 
on the results of prophylactic penicillin instilla- 
tion will be mentioned, namely Martius’ from 
1951. In his opinion, an oily solution of penicil- 
lin offered certain advantages owing to its fairly 
marked stability. 

The emergence of resistant bacterial strains as 
well as the risk of allergic manifestations, how- 
ever, have recently given rise to warnings against 
using antibiotics as “disinfectants” (Walch 
1955). It may be mentioned also that according 
to Feinberg (1955) about 600 deaths from 
penicillin allergy take place yearly in the U. S. A. 

Argyrol, Targesin, and other colloidal solu- 
tions of silver have also been suggested as pro- 
phylactics, but these compounds are difficult to 
keep sterile (Rintelen 1951). This leaves spe- 
cially prepared disinfectants, such as Desorgen 
which is a quaternary ammonium base used in 
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a 0.5 per cent solution. According to the find- 
ings reported so far (Schönenberg 1957), 
this agent has proved suitable to the purpose. 

The risk of instillation with other substances by 
mistake has been emphasized by several authors. 
In Denmark, the Medico-Legal Council have had 
to state their opinion on a few cases of ophthal- 
mic injuries caused by such mistakes during the 
past decades. From other countries too, serious 
sequelae of instillation with hydrochlorid acid, 
picric acid, etc. have been reported. In four out 
of 9,654 newborn infants Torres (1932) found 
serious corneal injuries caused by silver nitrate 
in too strong concentration. In all four cases, the 
result was permanent, considerable visual im- 
pairment. Bladini (1931) has reported two 
cases in which newborn babies had been treated 
with nitric acid instead of silver nitrate. Further- 
more, it may be mentioned that the German me- 
dical statistics for 1951 include three cases of 
erroneous instillations, all of which resulted in 
blindness, and a fourth case resulting in greatly 
impaired vision. Perhaps the total number of 
injuries caused by actual mistakes is not so large, 
but it has to be included in assessing the value 
of a purely prophylactic measure directed against 
a relatively uncommon disease. 

The outlined drawbacks of prophylactic in- 
stillation, with silver nitrate or with antibiotics, 
have occasioned suggestions to cease using in- 
stillations of any kind. Various investigations 
have been carried out, but the results have differ- 
ed somewhat. From the Sloane Hospital in New 
York MelIntosh (1959) reported a fairly large 
series of newborn infants who were not treated 
after birth. The result was alarming, the incidence 
of gonococcal conjunctival infections increasing, 
from none to several cases; the exact number is 
not stated. Moreover, MelIntosh reports that 
the infections were atypical with a misleading 
long incubation period and little discharge of 
pus. Exactly the opposite result was found by 
Solmons et al. (1959), also of New York. 
Among 5,480 newborn infants not treated by in- 
stillation, they found only one questionable case 
of gonococcal infection. In their opinion, the 
value of prophylactic instilliation ought to be 
reconsidered. 

In an excellent study Salvisberg (1957) 
analysed the frequency of gonorrhoeal blenor- 
rhoea over a 2-year period in 37 European ma- 
ternity departments. The form of prophylaxis 
used in the different departments is stated. This 
series comprises may thousands of infants. A 
total of eight developed conjunctival gonorrhoea. 
It is notable that out of these eight cases three 
occurred in a Paris clinic where no prophylactic 
instillation was employed and one in another 
clinic, also in Paris, where prophylactic treat- 
ment was restricted to instillation of ZnSO4. Four- 
teen clinics used instillation of silver nitrate, and 
in these one case of gonococcal conjunctivitis 


occurred. In one of these clinics (Copenhagen) 
there had been 10 cases of gonorrhoea among the 
mothers, but no case of gonococcal conjunctivitis 
among the infants. This clinic uses prophylactic 
instillation of silver nitrate. Salvisberg con- 
cludes that prophylactic instillation must be con- 
tinued, and that so far there is no better method 
than Crédé’s instillation of silver nitrate. 


PRESENT INVESTIGATIONS 


According to the wish of the Danish National 
Health Service and at the initiative of Professor 
Ehlers, Professor Rydberg, and Professor 
Brandstrup, it was decided to analyse the 
necessity of prophylactic instillation in a large- 
scale experiment. 

The material is derived from the two maternity 
departments of Rigshospitalet, Copenhagen. These 
two departments have almost exactly the same 
number of deliveries, indications for admission, 
and social distribution within the population. The 
departments were, thus, suited to the purpose. 
The material from Department A formed the 
basis of the study, while the patients of Depart- 
ment B served as controls. At Department A in- 
stillation was discontinued on Dec. 1, 1958, while 
at Department B the instillations of every new- 
born infant were continued as usual. The follow- 
up period is exacty one year. 

In order to be able to diagnose any case of con- 
junctival infection as soon as at all possible, all 
the infants in Department A were examined twice 
by an ophthalmologist, from the ist to the 3rd 
day of life and again immediately before dis- 
charge, i. e., on the 6th to 8th day. For inspecting 
the eyes a set of clean lid elevators was used for 
each infant. This allowed a thorough inspection 
without the examiner’s fingers being in contact 
with the eyelids. 

If clinical signs of conjunctival infection occur- 
red, the nurses were instructed to obtain swabs 
from the conjunctival sac. The swabs were studied 
for gonococci, and typing of the bacteria as well 
as sensitivity tests were carried out. For further 
safety, smears were studied microscopically on 
the same day for intracellular diplococci in the 
event of any clinical signs of conjunctival infec- 
tion. If they were positive, antibiotic therapy 
was instituted immediately. The bacteriological 
studies were carried out at Statens Seruminstitut, 
while the smears were studied on the same day in 
the Department. 

Conjunctival infections were treated with chlor- 
amphenicol instillations, and in the event of 
gonococcal infection or a suspicion of such in- 
fection, the infants were treated with parenteral 
penicillin in addition to the local applications. 
Maternal gonorrhoea was treated according to 
the instructions of the venerologists. If conjuncti- 
val infection was present at the time of discharge, 
the babies were followed up at the Ophthalmic 
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Out-patient Department. A special 
record was kept for each infant. 

At Department B infants showing signs of con- 
junctival infection were examined by an ophthal- 
mologist in the same way as in Department A. 
Bacteriological studies were carried out in exacty 
the same way in both departments. 


ophthalmic 


RESULTS 


In Department A clinical signs of conjunctival 
infection occurred in 81 infants. Six of these 81 
infants had mixed infections with two genera of 
bacteria. Table I shows the day after birth on 
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DAY AFTER BIRTH ON WHICH CONJUNCTIVITIS OCCURED 
DEPARTMENT A. 


which clinical signs of infection appeared. The 
distribution is approximately as might have been 
expected. 











Table II. 
DISTRIBUTION OF BACTERIAL GENERA IN THE TWO DEPARTMENTS 
MATERNITY MATERNITY 
DEPARTMENT A DEPARTMENT B 
No. % No. 
STAPH ALBUS 29 ns 3 
STAPH AUREUS 22 23,9 2 
GRAM -NEGATIVE 9 27 0 
GONOCOCE! E À RAD &. 
COLI 6 6,5 0 
NON HAEMOLYTIC STR. 6 6,5 2 
CORYNOFORM RODS 5 54 0 
GRAM- POSITIVE RODS 2 2 o 
PNEUMOCOCC 1 1,0 0 
DIPHTHEROID BACTERIA 0 0 2 
NO GROWTH $ 54 2 
TouL: 92 99,6 " 

















Table II gives a survey on the distribution of 
the bacterial genera demonstrated in the two de- 
partments. The most striking finding is that in 
Department A seven cases (7.6 per cent) of go- 
nococcal ophthalmoblenorrhoea occurred, where- 
as no single case of specific conjunctivitis was 
observed in the control department. It will be 
seen, moreover, that the number of non-specific 
conjunctival infections was about nine times 
greater in Department A.than in Department B. 
The number of conjunctival infections in Depart- 
ment B is so slight that the percentage cannot be 
calculated with any degree of accuracy. The dis- 
tribution according to bacterial genera corre- 
sponds approximately to the findings of Bar- 
foed (1953) and thus stresses the alteration of 


the bacterial flora which has taken place in the 
course of the past 15 vears. The reason is 
presumably, as stated by Smith (1954), that 
after the introduction of antibiotics the bacteria 
which are sensitive to the known antibiotics have 
disappeared and have been superseded by strains 
or mutations which are becoming or have already 
become resistant. 

The bacteria demonstrated in the present study 
were investigated for resistance and sensitivity to 
the most commonly used antibiotics. The columns 
depicted in Fig. 1 show how many of the bac- 


THE 87 BACTERIAL CULTURES 
AND THEIR SENSITIVITY TO 
8 ANTIBIOTICS 


NO. OF BACT CULTURES 
STUDIED 
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Fig. 1. 


terial cultures displayed marimum sensitivity to 
eight of the most commonly used antibiotics. It 
is evident that chloromycetin, tetracycline, and 
streptomycin proved to be best suited, 78, 75, and 
69 of the cultures showing maximum sensitivity 
to the three antibiotics. Sulpha drugs and peni- 
cillin were least effective. This result, incident- 
ally, corresponds to Man n’s findings from 1954. 


BACTERIAL CULTURES 








8 7 6 5 4 3 2 1 0 


NUMBER OF ANTIBIOTICS EXERTING 
A MAXIMUM ANTIOBIOTIC EFFECT ON 
THE INDIVIDUAL BACTERIAL CULTURES. 


Fig. 2. 


The columns in Fig. 2 show how many of the 
bacterial cultures found in Department A dis- 
played maximum sensitivity to eight, seven, six, 
five, etc. of the most commonly used antibiotics. 
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As apparent from the figure, 80 per cent of the 
cultures showed maximum sensitivity to at least 
5 antibioties, and only 4 showed maximum sensi- 
tivity to only 2 antibiotics. None of the cultures 
was completely resistant to all antibiotics. This 
survey is included to show that the investigation 
did not introduce resistant strains into Depart- 
ment A. 


DISCUSSION 


In accordance with the findings from other 
countries, the present study clearly showed that 
prophylactic instillation is still necessary despite 
an improved venereal legislation and the intro- 
duction of chemotherapy. 

The seven cases of gonorrhoea cannot but give 
rise to the question how common gonorrhoeal 
infection is among the mothers immediately be- 
fore delivery. No statistics are available from 
Denmark, but in the U. S. A. about 2 per cent of 
all parturient women are reported to be suffering 
from gonorrhoea. If this is true also of the Danish 
population, there should be about 40—50 cases 
annually in each of the two departments, A and 
B, distributed on ahout 2500 deliveries. As seven 
cases of gonococcal ophthalmoblenorrhoea occur- 
ed in the present series, 16—17 per cent of the 
infected mothers, at an estimate, will give birth 
to babies suffering from gonococcal conjunctival 
infection. How seriously the gonococcal conjunc- 
tival infection is to be regarded in our days is a 
different matter. Of course, this aspect cannot be 
studied. It is a fact, however, that even before 
the introduction of antibiotics, gonococcal con- 
junctivitis had assumed a far more benign course 
than during the years immediately after the turn 
of the century (Ehlers 1960). This finding is 
supported by data supplied by the Danish State 
Institute for the Blind and the Weak-sighted, the 
last case of visual impairment due to gonococcal 
conjunctivitis having been recorded in 1934, as 
already mentioned above. 

As regards the technique of the prophylactic 
instillation, there is little doubt that in several 
cases the drop of silver nitrate does not find its 
way into the conjunctival sac, landing on the 
evelids instead. This is because immediately after 
birth the eyelids are firmly closed and at the 
same time so slippery that it may be difficult to 
open the eye. This applies not least to the second 
eye, when the reaction of pain caused by the 
instillation into the first eve makes the baby 
close its eyes even tighter. On the other hand, 
gonococci will hardly enter into so tightly closed 
eyes. Furthermore, it must be assumed that the 
drop of silver nitrate on the skin of the eyelid 
will kill any bacteria which might be present 
there. 

The present study was not concerned with the 
problem of which is better suited for prophy- 
lactic instillation of the eyes: silver nitrate or 
antibiotics. The question was only “either or”, 





i.e, either instillation of silver nitrate or none 
at all. From the ophthalmological point of view 
it may be emphasized in this connection that 
solutions of silver nitrate in concentrations used 
in clinical ophthalmology as well as in the 
prophylactic treatment of the newborn afford 
so many advantages and such relatively few 
drawbacks that there seems little reason to 
replace them by antibiotics. This view, inci- 
dentally, accords with the result of Matti 
Kaivonen from 1958. 

Application of silver nitrate exerts a non-spe- 
cific, antiseptic effect due to the precipitation 
of silver chloride upon the conjunctival and cor- 
neal surface, entangling all microorganisms in 
these sites. Moreover, silver nitrate gives rise to 
inflammation (chemical conjunctivitis) in the 
sub-conjunctival tissue with a consequent, almost 
instantaneous Iymphocytic infiltration. This pro- 
motes the natural barrier against bacterial attack 
at a very early stage. Moreover, the question of 
allergy and the risk of promoting the emergence 
of resistant bacterial strains may be disregarded 
entirely. 

Accordingly, instillation of silver nitrate by the 
method of Crédé must still be considered well- 
founded. 


SUMMARY 


In two exactly comparable maternity depart- 
ments, an experiment was carried out: In one 
department all newborn infants had no prophyl- 
actic instillation of the eves, while in the other 
department all infants had the usual instillation 
of silver nitrate. In the former department seven 
cases of gonococcal ophthalmoblenorrhoea oc- 
curred, while in the control department there 
were none. Furthermore, non-specific conjunc- 
tival infections occurred in 80 cases in the experi- 
mental department as compared with nine in the 
control department. The bacterial cultures were 
submitted to sensitivity tests. 
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ANTRUM-PRESERVING OPERATION WITH INTERPOSITION 
OF JEJUNUM FOLLOWING RESECTION OF CARCINOMA 
IN THE UPPER PART OF THE STOMACH 


By ALFRED ZACHO 


In view of the poor long-term results of oper- 
ation for gastric carcinoma obtained formerly, 
many surgeons, particularly at the end of the 40’s, 
recommended a more general use of total gastrec- 
tomy, or even its routine employment, in order 
to make the operation a more radical one, and 
improve the results (Holst as early as 1937, 
Lahey at late as 1950). 

Most surgeons, however, soon realized that total 
gastrectomy, at that time usually by the Schlatter 
technique supplemented with jejuno-jejunostomy, 
entailed such severe nutritional disturbances as 
to be justified only when the tumour was so 
extensive as to make the radical intervention an 
absolute necessity. 

In the presence of tumours involving the upper 
part of the stomach, therefore, the aim had to be 
preservation of the distal end. As early as 1950, 
the present author published a method for pre- 
serving the antrum in continuity with the re- 
maining parts of the alimentary tract (Fig. 1). 
This method was used also (1954) in the treat- 
ment of peptic stricture in the lower end of the 
esophagus (Fig. 2). 

In 1954 Nissen of Switzerland and Ba n- 
durskiof Poland, independently of each other, 
published similar methods which, however, differ 
from that of the present author, for one thing in 
also permitting passage of the food past the antral 
stump, í. e., by-passing the duodenum (Figs. 3 
and 4). 

Later, the present author used interposition of 
the jejunum between the esophagus and antrum 
following bilateral division of the intestine (Fig. 
5b). The technique will appear from the follow- 
ing operative report. 


CASE REPORT 


Man, aged 80 (retired). Diagnosis: Cancer of cardiac 
end of stomach (Stage III), severe anemia, hypo- 


From the Department of Surgery, The Finsen Institute, 
Copenhagen, Denmark 





Fig. 1. 
Zacho 1950 (10). 


proteinemia, arteriosclerosis. Symptoms of about 
1 year’s duration. Very ill on admission and gave 
poor response to pre-treatment. Since, however, it is 
our principle to explore every patient who is not 
definitely inoperable, exploratory abdominal oper- 
ation was carried out on Oct. 14, 1958: An exophytic 
tumour, the size of a coconut, was found in the upper 
half of the stomach. Its greatest extent was along 
the lesser curvature, where it went as far as 8 cm 
from the pylorus (Fig. 5a). Although this enormous 
tumour did not seem to be radically operable, it was 
believed to be technically removable. The incision 
was prolonged into the chest, with resection of the 8th 
left rib and cutting of the costal margin. The esophagus 
was isolated immediately below the root of the lung 
and the mediastinal fat pushed down to be removed 
with the lower end of the esophagus. The diaphragm 
was cut radially and the portion adjoining the hiatus 











12 


wa: 
hep 
spl 
late 
tail 
isol 
the 
par 
tun 
dist 
at : 
of 

rig] 
edg 
epi, 
of 

bra 





ON 





OCTOBER 1960 


DANISH MEDICAL BULLETIN 133 














Fig. 2. 
Zacho 1954 (11). 


was resected with the tumour. Thereupon, the gastro- 
hepatic ligament was divided close to the liver. The 
spleen, which looked normal, was mobilized from the 
lateral aspect and pushed medially together with the 
tail of the pancreas. The left gastric artery was 
isolated, ligated, and cut. After ligating and cutting 
the lienal artery and vein, the distal part of the 
pancreas was resected at the middle of its body. The 
tumour-bearing portion of the stomach was resected 
distally between two large Kocher forceps, applied 
at a right angle to the greater curvature, and 2 rows 
of Petz agraffes applied in an oblique line to the 
right, from the tips of the Kocher forceps to the upper 
edge of the pylorus. Before this step, the right gastro- 
epiploic artery had been ligated and cut a couple 
of cm oral to the pylorus, preserving a few large 
branches to the antrum. The oblique part of the in- 





Fig. 3. 
Nissen 1954 (7). 





Fig. 4. 
Bandurski 1954 (1). 


cision was invaginated with knotted silk. After di- 
viding the esophagus 7 cm above the cardia, the entire 
specimen, including the tumour, could be removed 
en bloc. A piece of the upper jejunum, about 15 cm 
in length, was isolated by bilateral division, and 
through a slit in the mesocolon it was pulled up to 
be interposed between the esophagus and antrum, 
anastomosed end-to-end to both (Fig. 5b). The re- 
maining part of the stomach was somewhat smaller 
than shown on the drawing, as a further portion had 
to be resected due to venous stasis of its most proxi- 
mal part. Histological examination of the tumour 
showed adenocarcinoma. No metastases in the lymph 
nodes removed with the specimen. Discharged 3 weeks 
after the operation. 

Four weeks later, the patient was re-admitted with 
stricture of the upper anastomosis. About 2 months 
after the first operation, the stricture was resected 
through a right-sided thoracotomy. 

Postoperative course was troublesome, as the patient 
was contrary and despairing and refused to eat. After 
a series of testosterone injections, he regained his 
zest for life and appetite and could be discharged 5 
weeks after the operation. 

At follow-up, one year after the operation, he was 
feeling well apart from periodical fatigue (almost 
82 years). No dyspeptic episodes except epigastric 





Fig. 5 b. 


Fig. 5a. 
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pressure after too large meals. Looked fit. Had gained 
4 kg in the past 6 months. No signs of recurrence. 


DISCUSSION 


The method described by the author in 1950 is 
in fact merely interposition of the jejunum be- 
tween the esophagus and the antrum. However, 
while the jejunum at the oral anastomosis is tran- 
sected, it is only ligated and stitched distal to the 
antral anastomosis. The reason for not transecting 
the jejunum bilaterally was to transfer some of 
the traction from the mesentery to the intestine 
and thus avoid kinks and circulatory disturbances 
in the mesentery. By interposition of a bilaterally 
transected jejunum following total gastrectomy, 
however, we have found by experience that this 
is a good and safe method. Its principle seems to 
have been used first by Roux in 1907 in con- 
structing an antethoracic esophagus. In 1952 it 
was used by Henley as well as Longmire 
& Beal in total gastrectomy and in 1955 by 
Merendino & Dillard for the interposi- 
tion of the jejunum between the esophagus and 
stomach in benign diseases at the esophagogastric 
junction. 

So far, the author has not performed pylorotomy 
or pyloroplasty in these operations, although from 
a theoretical point of view this might seem ra- 
tional, seeing that the pylorus is deprived of its 
vagus innervation. One of our patients, however, 
has developed fairly severe pyrosis, presumably 
due to spasticity of the pyloric muscle. Thus, 
pyloromyotomy or pyloroplasty should possibly 
be included as a routine. 

The range of indications for antrum-preserving 
operations with interposition is fairly limited, 
being mainly restricted to the following cases: 
1) those in which esophageal resection has been 


so extensive that the distal stump of the stomach 
cannot reach far enough up for a direct anastomo- 
sis with the esophagus, 2) those in which the re 
maining part of the stomach is too small to afford 
a sufficient reservoir for the food, 3) those with 
peptic ulcer or stricture of the lower end of the 
esophagus, when the production of gastric acid 
has to be reduced by a large resection of the 
stomach. 


SUMMARY 
The author describes an antrum-preserving 
operation in which the continuity of the ali- 


mentary tract is re-established by interposition 
of a bilaterally transected piece of the jejunum 
between the esophagus and antrum. The use of 
this method in an 80-year-old man with a large 
adenocarcinoma of the upper part of the stomach 
is described. 
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CONTROLLED ARREST OF ISOLATED PERFUSED RABBIT HEARTS 
1. COMPARATIVE STUDIES ON THE EFFECT OF POTASSIUM AND MAGNESIUM IONS 


By CHRISTIAN MOURITZEN 


Among the substances which are known to be 
capable of producing arrest of the heart, potassi- 
um seems to be the one which is preferred by 
cardiac surgeons. In 1883, Ringer demonstrated 


that potassium ions were able to arrest the 
heart in diastole. With a view to intracardiac 
surgery, Melrose et al. (1955) and Baker 
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et al. (1957) showed that potassium citrate was 
a useful agent in producing arrest of both isolated 
hearts and hearts in vivo. However, a series of 
experiments on dogs has revealed that it may 
be difficult to re-start the heart beat after the 
use of potassium citrate (Sgndergaard 1958), 
which has stimulated the interest in finding sub- 
stances which are more suitable than potassium. 


As the divalent magnesium ion does not as 
readily diffuse into the cell, it is theoretically 
possible that this ion is better suited in clinical 
practice, since it is conceivable that it might 
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more readily be washed out by perfusion (Sk ou 
1958). Merritt et al. (1958) have demonstrated 
that magnesium ions, just like potassium ions, 
are capable of producing controlled cardiac arrest. 

The purpose of the present study has been to 
compare the effect of potassium and magnesium 
ions on the isolated perfused rabbit heart. 


MATERIAL AND METHODS 

The experiments were performed on isolated 
perfused rabbit hearts. Following intraperitoneal 
injection of urethane (33 per cent, 6 ml/kg), the 
rabbits were intubated and ventilated through 
a tracheostomy. The heart was removed after 
ligation of the venae cavae and insertion of a 
beaded cannula into the aorta distal to the valves, 
so that the cannula pointed towards these. The 
studies were performed by the modified La n- 
gen dorff method (1895) described by Baker 
et al, in which the coronary vessels are perfused 
with oxygenated Locke’s solution (i.e. NaCl 0.9 
per cent, CaCl2 0.024 per cent, KCI 0.042 per cent, 
NaHCO3 0.05 per cent and dextrose 0.1 per cent) 
under constant pressure, which in these experi- 
ments was chosen as 16 cm H20. Under these 
experimental conditions, the heart will beat re- 
gularly for several hours and may be used for 
several successive experiments. 

The cardiac action was recorded on a kymo- 
graph by means of a recorder attached to the apex 
of the heart by a silk suture. 

Immediately after the removal of the heart the 
coronary vessels were perfused with oxygenated 
Locke’s solution for from 10 to 15 minutes, which 
usually resulted in regular heart rhythm and fre- 
quency. The perfusion was then continued with 
Locke’s solution containing various known con- 
centrations of magnesium or potassium salts; 10 
minutes later, perfusion with pure Locke’s solu- 
tion was resumed. These changes between the 
two solutions were used as long as the experi- 
ments could be continued. The effect of the ions 
was assessed on the basis of the following factors: 

1. Time elapsing before complete cardiac arrest 
after exposure to the ions. 

2. Time elapsing before the first cardiac con- 
traction after resumption of perfusion with 
pure Locke’s solution. 

3. Influence on the cardiac amplitude. 

4. Influence on the cardiac frequency. 

3. Influence on the cardiac rhythm. 


RESULTS 

1. Time Elapsing before Complete Cardiac Arrest. 

The ability of potassium and magnesium ions 
to induce cardiac arrest was studied in 77 ex- 
periments on 28 hearts. None of the hearts were 
used for more than three experiments, and each 
heart was exposed to the action of only one 
solution, either potassium citrate or magnesium 
sulphate. The results obtained are shown in 
Fig. 1. 
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Fig. 1. 


Time Elapsing Before Complete Cardiac Arrest From 
the Beginning of the Exposure to Potassium or Mag- 
nesium Tons. 

Abscissa: Concentration of magnesium sulphate or 

potassium citrate, in mEq/l. 
Ordinate: Time, in seconds. 


The lowest concentration of potassium citrate 
which induced complete cardiac arrest was 9.26 
mEq/l, while lower concentrations only reduced 
the cardiac amplitude to 50 per cent of the 
original value. In experiments with higher con- 
centrations, the time required for complete arrest 
was seen to decrease. Concentrations of 92.60 
mEq/l induced almost instantaneous arrest, since 
approx. 10 seconds are required for the passage 
of the solution from the apparatus to the heart. 
In all the experiments with potassium citrate in 
a concentration of at least 9.26 mEq/l cardiac 
arrest was induced, and in none of these did 
cardiac contractions recur until after reperfusion 
with pure Loecke'’s solution. 

The lowest concentration of magnesium sul- 
phate capable of inducing complete cardiac arrest 
was 100 mEq/l, while lower concentrations (À. e., 
50 and 75 mEq/l) only resulted in a considerable 
reduction in the amplitude. Like potassium ci- 
trate, higher concentrations produced cardiac 
arrest after decreasing intervals, but even a con- 
centration of 600 mEq/l did not lead to in- 
stantaneous arrest. 


2. Time Elapsing before First Cardiac Con- 
traction after Resumption of Perfusion with 
Pure Locke'’s Solution. 


These experiments were a continuation of those 
mentioned under Point 1. The results are shown 
in Fig. 2. 

After exposure to potassium citrate in a con- 
centration of 9.26 mEq/l for 10 minutes, the first 
heart beat recurred after an average interval of 
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Fig. 2. 
Time Elapsing From the End of Exposure to Potas- 
sium or Magnesium Ions to the First Cardiac Con- 
traction After Resumption of Perfusion with pure 
Locke's Solution. 


Abscissa and ordinate as in Fig. 1. 


18 seconds. The length of the intervals then in- 
creased with the concentrations up to 420 seconds 
after exposure to 277.80 mEq/l. In all the experi- 
ments, the hearts were re-started by perfusion 
with Locke’s solution. 

After exposure to magnesium sulphate in a con- 
centration of 100 mEq/l, the first cardiac con- 
traction occurred after an average interval of 
22 seconds. As before, the length of the intervals 
increased with the concentrations up to 205 se- 
conds after exposure to 500 mEq/l. In experi- 
ments with a still higher concentration (600 
mEq/1), the heart failed to re-start after perfusion 
with Locke’s solution. 


3. Influence on Cardiac Amplitude. 


The influence of potassium and magnesium 
ions on cardiac amplitude observed in the ex- 
periments described under Points 1 and 2 appears 
from Fig. 3. 

After exposure to potassium citrate in concen- 
trations ranging from 4.63 to 138.90 mEq/1 the 
maximum reduction in the amplitude was 88 per 
cent of the original value. At concentrations from 
185.20 to 277.80 mEq/l the maximum reduction 
in the amplitude was 67 per cent. 

Exposure to magnesium sulphate in concen- 
trations up to 300 mEq/l resulted in a maximum 
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Fig. 3. 
Cardiac Amplitude After Exposure to Potassium 


Citrate and Magnesium Sulphate. 
Abscissa: As in Fig. 1. 
Ordinate: Amplitude expressed as a percentage of that 
obtaining before the exposure to the ions. 


reduction to 85 per cent of the original value; 
500 mEq/l reduced the amplitude to 53 per cent. 


4. Influence on Cardiac Frequency. 


The influence of the ions on cardiac frequency 
was assessed 3 minutes after the first cardiac con- 
traction by a critical evaluation of the degree of 
blackening of the cylinder paper. The results, 
which are based on 97 experiments on 28 hearts, 
are shown in Table 1. 


Table 1. 
Cardiac Frequency 3 Minutes After the First Cardiac 
Contraction After Preceding Cardiac Arrest Induced 
by Potassium Citrate and Magnesium Sulphate, 








Respectively. 
E 1 
8 2 
E 8, 
Ee 
| bj ek: E Ed 
8 ® - ë 
$ s 8E 8 
Potassium citrate ..….. 17 65 12 18 
Magnesium sulphate . 11 32 31 97 





After exposure to potassium citrate, a consider- 
able reduction in the frequency was observed in 
18 per cent of the experiments, while the cor- 
responding figure after exposure to magnesium 
sulphate was 97 per cent. Contrary to expectation, 
no definite relationship was demonstrated be- 
tween the reduction in frequency and the ionic 
concentration in the perfusion fluids. 
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5. Influence on Cardiac Rhythm. 

The results of this part of the study are based 
on the same investigations as those reported 
under Point 4 and are shown in Table 2. 


Table 2. 
The Occurrence of Arrhythmia After the Onset of 
Reperfusion After Preceding Cardiac Arrest Induced 
by Potassium Citrate and Magnesium Sulphate, 











Respectively. 
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Potassium citrate .……… 17 65 7 10 
Magnesium sulphate . 11 32 5 16 





In the 65 experiments in which the hearts were 
perfused with potassium citrate, periods of ar- 
rhythmia of varying duration occurred in 10 per 
cent of the experiments, while the corresponding 
figure after exposure to magnesium sulphate was 
16 per cent. 

The reduction in amplitude and frequency and 
the occurrence of arrhythmia must be due to the 
action of the ions and not to spontaneous fatigue 
of the heart developing during the experimental 
period. This appeared from experiments in which 
the hearts, under the experimental conditions 
employed, continued to beat for 3 hours under 
constant perfusion with Locke’s solution. During 
this experimental period, the amplitude slowly 
diminished to about 30 per cent of the original 
value, yet so that the fall within the time intervals 
of 10 minutes used in these experiments maxim- 
ally amounted to 10 per cent (Fig. 4). The fre- 
quency also decreased evenly from 144 to 110 
beats per minute, and periods of arrhythmia did 
not occur. 
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Fig. 4. 

The Dependence of the Amplitude on the Perfusion 
Time During Constant Perfusion With Locke's 
Solution. 

Abscissa: Time, in minutes. 
Ordinate: Amplitude expressed as a percentage of 
maximum amplitude. 


The Isolated Effect of the Various Components of 
the Perfusion Fluid. 

Available comparisons between the effect of 
potassium citrate and magnesium sulphate on 
the isolated heart do not straightaway allow a 
similar comparison between the effect of potassi- 
um ions and magnesium ions, since the effect of 
potassium citrate is due to the combined action 
of potassium ions and citrate referable to the 
ability of the latter to bind calcium ions, while 
the effect of magnesium sulphate is presumably 
due exclusively to the action of the magnesium 
ions. A direct comparison between the effect of 
potassium and magnesium ions is therefore pos- 
sible only if the action of citrate can be disre- 
garded. In order to elucidate this problem, we 
performed experiments with solutions containing 
potassium chloride and sodium citrate in amounts 
which were equivalent as regards potassium and 
citrate, respectively, with solutions of potassium 
citrate in concentrations of 9.26 and 18.52 mEq/1. 
These experiments showed that the weak solution 
of potassium chloride (345 mg KCI/500 ml Locke’s 
solution) was unable to induce complete cardiac 
arrest within 10 minutes (three experiments), 
whereas twice as high a concentration (690 mg 
KCI/500 ml Locke’s solution) produced cardiac 
arrest within the same time (about % minute) 
as the equivalent solution of potassium citrate 
(four experiments). 


Equivalent amounts of citrate (453 and 906 mg 
sodium citrate, respectively, in 500 ml Locke'’s 
solution) were unable to produce complete cardi- 
ac arrest, but caused a reduction in amplitude to 
10 and 15 per cent of the original value. In all 
these experiments, the heart was rapidly re- 
started with maximal amplitude and frequency 
after reperfusion with pure Locke’s solution. 


At lower concentrations of potassium citrate 
(9.26 mEq/1), the recorded effect on the heart 
beat was thus due to the combined action of 
potassium and citrate. At higher concentrations, 
the same average values were recorded for po- 
tassium citrate and potassium chloride, respec- 
tively (for arrest, 27 and 29 seconds; for re-start, 
79 and 73 seconds), and the amplitude obtained 
after recovery was 100 per cent in both cases. 
The effect of the citrate must be assumed to be 
due to a reduction in the concentration of free 
calcium ions, either in the perfusion fluid or in 
the tissue. In comparative studies on potassium 
and magnesium it is therefore necessary to in- 
vestigate whether a reduction in the concentra- 
tion of calcium ions increases the effect of the 
magnesium ions. This problem was studied in 
a calcium-free solution containing 0.9 per cent 
NaCl, 0.042 per cent KCI, 0.05 per cent NaHCOs, 
water-free dextrose 0.1 per cent and MgSO4 300 
mEq/l. Two experiments performed showed that 
cardiac arrest occurred after an average interval 
of 20 seconds as against 29 seconds in the pre- 
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sence of calcium, while the average interval re- 
quired for re-starting the heart was 94 seconds 
as against 199 seconds in the presence of calcium. 
Maximum amplitude was attained relatively rapid- 
ly, but pronounced arrhythmia was observed to 
the end of the experiment (50 minutes). 


DISCUSSION 


The ability of potassium citrate to arrest the 
isolated perfused heart in diastole and the ability 
of the heart afterwards to resume its activity with 
relatively unimpaired amplitude and frequency 
are well known from the studies of Melrose 
et al. (1955, 1957). The present study confirmed 
both these results and the observation that the 
arresting effect of low concentrations of potas- 
sium citrate is due to the combined action of 
potassium and citrate ions. 


Merritt et al. (1958) drew attention to the 
ability of magnesium ions to produce complete 
cardiac arrest. Both magnesium chloride and mag- 
nesium sulphate were thus effective in arresting 
the isolated perfused cat heart. However, follow- 
ing reperfusion with Locke’s solution ectopic 
cardiac contractions occured in several cases, and 
these contractions increased in frequency if the 
heart had previously been under the influence of 
magnesium, but they did not occur when potas- 
sium and magnesium had been used in combi- 
nation. 

The toxic action of magnesium demonstrated 
in the present experiments might be conceived 
to be due either to the sulphate ions or to the 
absence of citrate in the perfusion fluid. As the 
present study did not reveal any toxic action of 
chlorine ions, and as Merritt et al. did not 
find any difference in the effect of magnesium 
sulphate and magnesium chloride, it would not 
be reasonable to ascribe any toxic action to the 
sulphate ions. As the comparative studies on the 
effect of potassium citrate and potassium chloride 
did not reveal any difference in the occurrence 
of arrhythmia, the absence of citrate ions cannot 
be responsible for the development of arrhythmia 
either. The toxic effect of magnesium sulphate is 
therefore presumably due to the magnesium ions. 
It must be assumed that the effect of citrate is 
referable to its ability to bind calcium ions, but 
it is unknown whether this effect occurs in the 
perfusion fluid or in the tissue. 


From the data available it must be concluded 
that both magnesium and potassium ions are capa- 
ble of inducing controlled complete arrest of 
isolated perfused rabbit hearts, but that the toxic 
effect of magnesium is higher than that of po- 
tassium. Under the experimental conditions de- 
scribed the optimum concentration of potassium 
citrate (ie. the concentration which can induce 
cardiac arrest within a reasonable time, and 
which does not exert any toxic action on the 
heart) ranges from 9.26 to 18.52 mEq/1. 





SUMMARY 

Comparative studies on the effect of potassium 
and magnesium ions on the isolated perfused rab- 
bit heart revealed the following data: — 

1. Both potassium citrate and magnesium sul- 
phate in concentrations of 9.26—18.52 mEq/1 and 
100—200 mEq/1, respectively, are suitable agents 
for the induction of cardiac arrest within a 
reasonable time (approx. % minute). Lower con- 
centrations cannot be used and higher concen- 
trations are unnecessary. 

2. The optimum concentrations for the in- 
duction of cardiac arrest are also optimal for re- 
starting the heart beat (within approx. 1 minute). 
There is no essential difference between the two 
ions. 

3. The time of perfusion required for cardiac 
arrest decreases with increasing concentrations 
of both potassium citrate and magnesium sulphate. 
The time elapsing before the first cardiac con- 
traction increases with increasing concentrations 
of both ions. After exposure to magnesium sul- 
phate in a concentration which is three times as 
high as the optimum level the heart beat cannot 
be re-started, whereas unimpaired cardiac actien 
recur after exposure to potassium citrate in a 
concentration which is fifteen times high as the 
optimum level. 

4. The reduction in amplitude is greater after 
exposure to magnesium than after exposure to 
potassium. 

5. The effect of magnesium sulphate on the 
cardiac frequency is greater than that of potassi- 
um citrate. 

6. There is a tendency to a more frequent 
occurrence of arrhythmia after exposure to the 
action of magnesium sulphate. This tendency is 
further accentuated if calcium ions are removed 
from the perfusion fluid. 

7. A comparison of the action of magnesium 
sulphate and potassium citrate gives an impres- 
sion of the effect of magnesium and potassium 
ions, respectively, since the effect of citrate is 
of importance only in the lower concentrations. 
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THE GLUTAMIC-PYRUVIC-TRANSAMINASE AND ALKALINE 
PHOSPHATASE LEVELS IN THE SERUM DURING COMBINED 
TREATMENT WITH CHLORPROMAZINE AND AN ANTIHISTAMINE 


By T. LAURSEN and B. BORUP SVENDSEN 


In a previous work (5), the authors demonstrat- 
ed that the glutamic-pyruvic-transaminase level 
(GPT) in the serum became raised in 40 per cent 
of cases during chlorpromazine treatment and 
that most frequently a transient increase was 
concerned which disappeared despite continued 
treatment. 

Ekdahl, Fajers & Hagnell (1), presum- 
ing the genesis of chlorpromazine jaundice to be 
allergic, stated that antihistamine preparations 
must be considered to provide protection against 
this. As combined treatment with chlorpromazine 
and antihistamine preparations has been em- 
ployed quite frequently, the authors have con- 
sidered it to be of interest to investigate the GPT 
during such treatment. 

During the period from May to December 1957, 
83 patients were treated in the Department of 
Psychiatry, Rigshospitalet, with chlorpromazine 
with simultaneous administration of imidamini 
metasulphonas NFN (Antistina ®, Ciba) distribut- 
ed in three daily doses of 200 mg orally or three 
daily doses of 100 mg by injection. 

As in the previous investigation, the GPT was 
determined by the method of Laursen & 
From Hansen (4) with 1.8 units as the 
upper normal limit. In the majority of cases the 
alkaline phosphatases in the serum were deter- 
mined according to the method given by Kind 
& King (3) with 10 units as the upper normal 
limit. These two determinations were undertaken 
in all of the patients prior to medication and 
once weekly during medication. 

Chlorpromazine was not withdrawn on account 
of raised values for GPT or alkaline phosphatases. 
Side-effects necessitated withdrawal in ten cases, 
viz., jaundice in one case, leucopenia in three 
cases, febrile reactions in two cases, skin mani- 
festations in two cases and intercurrent disease 
(pneumonia) in two cases. 

The results of the GPT determinations ure 
shown in Table 1. 


It will be seen from Table 1 that in 37 (45 per 
cent) out of 83 patients, increase in GPT was 
demonstrated. Out of the 38 cases with definitely 
normal original values treated for more than a 
month, 16 (42 per cent) were found to have 
raised values. 





From The Department of Clinical Chemistry (Head: 
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Table 1. 


The Course of GPT Values in Serum in 83 Patients 
Treated with Chlorpromazine and Antistina. 








GPT elevated 


| 
- initially elevated 














Ee - initially normal - |_er unknown - 
1 | 
cer = | cer< | cerz | cer. 
3 units | 3 units | 3 units | 3 units 
Chlorpromazine el Bak | 
> 1 mouth | 22 5 u 1 1 
Chlorpromazine ek ad 
< 1 month 23 | 5 1 3 1 
Treatment stopped | | | 
on account of side-| 1 4 | 1 4 0 
effects | 
Total | 46 14 13 8 | 2 





Table 2. 
The Course of the Values of GPT and Alkaline Phos- 
phatase in Serum in 83 Patients Treated 
with Chlorpromazine and Antistina. 
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Determination of alkaline phosphatases in this 
material rendered results similar to the determin- 
ations of GPT. These results appear from Table 2. 

It will be observed that 26 (31 per cent) out 
of 83 cases had raised alkaline phosphatase 
values. If only the 38 cases with normal original 
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GPT values and in which the treatment was 
continued for more than a month are considered, 
it is found that 12 (32 per cent) had raised values. 
It will further be observed from Table 2 that 
there were cases with normal GPT and raised 
alkaline phosphatase values and, conversely, with 
raised GPT and normal phosphatase values. 

In this material also an attempt was made to 
find factors which could be correlated to the 
increase in the GPT values. 

No statistically significant difference was 
found in the incidence of previous liver disease 
in the group with raised GPT levels and in the 
group with normal GPT levels (two out of 37 
and one outof 46, respectively). In the same two 
groups no difference was found either between 
the incidence of previous treatment with chlor- 
promazine (ten out of 37 and seven out of 46, 
respectively) nor in the incidence of previous 
injection treatment (ten out of 37 and eight out 
of 46, respectively). 

Correspondingly, no significant difference was 
found as regards the incidence of the factors 
mentioned in the group of cases with raised 
alkaline phosphatases compared with the group 
with normal phosphatase values. (Previous liver 
disease: 0 out of 26 and three out of 57, re- 
spectively. Previous treatment with chlorproma- 
zine: seven out of 26 and ten out of 57, respect- 
ively. Injection treatment: seven out of 26 and 
11 out of 57, respectively). 

It should be noted, that the patient who de- 
veloped jaundice had previously received chlor- 
promazine (Largactil) but had not suffered from 
liver disease. 

In the two groups with normal and raised GPT 
values and in which chlorpromazine was ad- 
ministered for more than a month, consisting of 
22 and 18 patients, respectively, the magnitude 
of the average daily dose was 376 mg for the 
first group and 473 mg for the second group. This 
difference is significant as regards the five per 
cent limit (t = 2.12 with 38 degrees of freedom). 
This appears to show that a larger daily dose of 
chlorpromazine increases the risk of increased 
GPT values during treatment. 

In the two groups with normal and raised 
alkaline phosphatase values in which chlorproma- 
zine was administered for more than a month, 
comprising 27 and 13 patients, respectively, the 
magnitude of the average daily dose was 428 mg 
for the first group and 403 mg for the second. 
There is no significant difference in the dosage 
between the two groups. 

The course in 29 patients with raised GPT 
values in whom chlorpromazine had not been 
withdrawn on account of side-effects appears 
from Table 3. 

It will be observed that the GPT value became 
normalized in 12 out of the 18 patients who 
were treated for more than a month. The remain- 
ing patients were either discharged to other de- 


Table 3. 


The Course of the Elevated GPT Values in Serum 
in 28 Patients. 

(Chlorpromazine and Antistina were Administered 
Continously.) 
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Table 4. 


The Course of the Elevated Alkaline Phosphatases 
in Serum in 19 Patients. 
(Chlorpromazine and Antistina were Administered 
Continously.) 
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partments or to out-patient treatment and it has, 
therefore, proved impossible to maintain control 
over them but no cases of jaundice have been 
reported. 

The course in the 19 patients with raised alka- 
line phosphatase values in whom chlorpromazine 
was not withdrawn on account of side-effects is 
shown in Table 4. 

It will be observed that the alkaline phos- 
phatases became normalized in eight out of the 
13 patients who were treated for more than a 
month. Contact has not been maintained with 
the remaining five cases but no cases of jaundice 
have been reported here either. 

The increase in the alkaline phosphatases was 
moderate in nearly all of the cases and only two 
of the patients had values of over 20 units and 
nothing in particular was noted in these patients. 


DISCUSSION 


In a previbus material consisting of 58 patients 
who were treated with chlorpromazine, the 
authors found that 40 per cent showed raised 
GPT values in the serum during the course of 
treatment (5). 

In the present material of 83 patients who were 
treated with an antihistamine preparation simul- 
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taneously with the chlorpromazine therapy, 45 
per cent were shown to have raised GPT values 
during treatment. Thus, judging from the GPT 
values in the serum, there is no reason to assume 
that treatment with an antihistamine preparation 
during chlorpromazine therapy can prevent the 
occurrence of disturbance of liver function... 

The determination of the alkaline phosphatases, 
as with the GPT values, does not give any useful 
warning reaction of the development of jaundice 
during chlorpromazine therapy. 

It will be observed both from the present and 
the previous materials (5) that neither the ex- 
istence of previous liver damage nor whether the 
chlorpromazine therapy was administered orally 
or as injections are of any significance for the 
development of raised GPT values. 

The authors’ previous material appears to show 
that patients who have previously been treated 
with chlorpromazine reacted less violently to 
renewed treatment. This assumption was not sup- 
ported by the present material. 

The present material appears to show that a 
larger daily dose of chlorpromazine increases 
the risk of a rise in the GPT level during treat- 
ment but this assumption, on the other hand, was 
not supported by the previous material. 


CONCLUSION 


The combination of chlorpromazine therapy 
with an antihistamine cannot prevent the devel- 
opment of transient disturbances of liver func- 
tion which occur in approximately 1/3 of patients 
during chlorpromazine therapy. 


SUMMARY 


In a previous investigation concerning the 
glutamic-pyruvic-transaminase level in the serum 


(GPT), transient increases were demonstrated 
in 40 per cent out of 58 psychiatric patients dur- 
ing chlorpromazine therapy. 

In the present investigation, the GPT values and 
the alkaline phosphatases were followed in 83 
patients during treatntent with chlorpromazine 
and an antihistamine (Antistina ®, Ciba). In 45 
per cent of these patients, raised GPT levels were 
found and in the majority of these the rise was 
transient. 

In 31 per cent of the patients, increase in the 
alkaline phosphatase values was found. This in- 
crease was moderate and transient in the majority 
of cases. 

It is concluded that the combination of chlor- 
promazine therapy with antihistamine cannot 
prevent transient disturbances of liver function 
which occur in approximately one third of the 
patients during chlorpromazine therapy. 
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Discussion in the General Press not Desirable. 


NEUROLOGICAL COMPLICATIONS AFTER VACCINATION 
AGAINST POLIOMYELITIS 


REPORT OF A CASE OF MENINGO-ENCEPHALOMYELITIS 


By AXEL KLEE 


When cases of poliomyelitis itself are excluded, 
there remain very few recorded cases of neuro- 
logical complications following poliomyelitis vac- 
cination. Amongst these few cases is one of a 
fatal Landry’s paralysis occurring in a 4% vear- 
old Swiss girl after her second injection of polio- 
vaccine (6). Another case, reported from Penn- 
sylvania in 1958 (3), occurred in a 28-yvear-old 
woman who, after her second injection, developed 
a lower motor neurone paresis, with profound 
weakness of all extremities. In this case there 
was almost complete recovery after four months. 
A third case, from Erfurt in 1959 (2), is of poly- 
neuritis, occurring in a 34-month-old girl, with 
flaccid paralysis of both legs and progressive 
weakness of the abdominal and thoracic muscu- 
lature, ending in death from respiratory paralysis, 
complicated by bronchitis. In this case only one 
poliomyelitis vaccination had been given. 


CASE HISTORY 


The patient, a 31-yvear-old female hospital labora- 
tory technician, had no known allergic tendencies, 
neither was there any family history of allergy. Since 
childhood she had had recurrent attacks of infection 
in the urinary system, necessitating left-sided nephro- 
lithotomy in 1951, and right-sided nephrectomy in 
1954. 

She had previously been vaccinated against small- 
pox, diphtheria and tuberculosis, and she has since 
learnt that after the smallpox vaccination, which 
she received at the age of six vears, she had high 
fever. In addition she had received three previous 
poliomyelitis vaccinations without any untoward re- 
actions. 

In March 1959 she developed an influenza-like ill- 
ness, with fever, headache and pain in the back, in 
the course of which she spent three weeks in bed. 
Following this she was completely well until the 
beginning of the present complaint. 

On June 6, 1959 she received her fourth polio vac- 
cination, consisting of 1 ml vaccine subcutaneously, 
and a few hours later she felt unwell and developed 
a headache. The following morning the headache was 
still present and in addition there was some neck 
stiffness, and a temperature of 37,8° C. During the 
following days she continued to have the same symp- 
toms, and on June 12th she was admitted to a medi- 
cal unit. Her complaints on admission were of in- 
creasing occipital headache, nuchal rigidity and double 
vision. The patient has complete amnesia for the early 
days of the illness, but was not observed to have 


From Dept. of Neurology, Rigshospitalet, University 
of Copenhagen (Head: Professor Mogens Fog). 





been unconscious at any time. She is described as 
being “tired, slow and somnolent”. Neurological ex- 
amination revealed that her cervical pain was in- 
creased by pressure on and movement of the spine, 
that there was ataxia as shown in the tests of co- 
ordination and poor position sense. The cerebral 
spinal fluid (June 12, 1959) contained 745/3 ery- 
throcytes, 2/3 leucocytes, 80 mg % protein and 60 
mg % sugar. On subsequent examination (June 26) 
the C.S.F. contained 2/3 erythrocytes, 1/3 leuco- 
cytes, 108 mg % protein and 67 mg % sugar. 

Throughout the first month of the illness the 
patient was subfebrile, and there was constant, if 
slightly diminished, throbbing occipital headache, 
which was increased by sudden changes of position. 
When attempts were made at mobilisation there were 
three short bouts of unconsciousness, each lasting a 
few minutes, and unaccompanied by any epileptic 
phenomena. 

Attempts to culture polio virus from faeces and 
spinal fluid were unsuccessful. 

Other investigations on the medical unit: S.R. 
7 mm/hour, Hb. 14,1 g/100 ml, blood pressure 105/65. 
X-ray of cervical spine and skull: normal. Ophthal- 
mological examination: normal. 

The condition was considered to be an allergic 
reaction to polio vaccination, but as the possibility 
of an angioreticuloma of the cerebellum could not 
be ruled out, the patient was transfered to the De- 
partment of Neurology on July 15, 1959. 

On admission the presenting complaints were as 
follows: constant, throbbing nuchal headache radiat- 
ing to the vertex and increased by movement; par- 
asthesiae in the left foot on standing (“it is as if 
the left foot is treading in snow”); unsteady gait 
due to rotatory vertigo; tiredness and poor memory. 
On examination the findings were: generalised re- 
duction of tone; left-sided dysdiadochokinesis and 
uncertainty in the finger-nose test; slightly diminished 
appreciation of pin-prick over the distribution of the 
first branch of the left trigeminal nerve and over the 
left side of the trunk; difficulty in walking because 
of weakness and staggering; deep reflexes decreased 
and equal. On lumbar puncture the pressure was 
found to be normal. The C.S. F. contained °/3 leuco- 
cytes, 66 mg % sugar and 58 mg % protein. Culture 
for tubercle bacilli was negative. 

During this period in the Neurological Department 
the patient was troubled by a constant headache 
similar to that previously described and there was in 
addition constant tenderness in the cervical region 
and weakness and difficulty of control of the left 
leg. There were also several episodes of raised tem- 
perature without any signs of pyuria or chest in- 
fection. 

As there was reason to suspect a cerebral tumour, 
air encephalography was carried out on August 20, 
and was completely normal. 
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The patient received analgesics and physiotherapy, 
and by September 4 had improved to such an extent 
that she could be discharged to convalescence. 


Over the following months her condition gradually 
improved and, despite continued tiredness, headache 
and memory difficulties, she returned to work in 
October 1959. 


Early in December 1959 she caught cold, and was 
confined to bed for several days with a temperature 
of 39° C. After the temperature returned to normal 
she tried to return to work. From the middle of De- 
cember 1959 her headache became worse, there was 
double vision with a horizontally displaced false 
image, nausea, vomiting and rotatory vertigo. 


On December 23, 1959 she was readmitted to the 
Department of Neurology, where the physical signs 
were found to be about the same as on the previous 
admission. During this period in hospital there was 
gradual deterioration in her condition, in that the 
neck stiffness increased, as did the headache, and it 
became increasingly necessary to resort to injections 
of pethidine and Cafergot suppositories in order to 
relieve the pain. 


Examination now revealed reduced convergence; 
hypoalgesia over the distribution of the first branch 
of the trigeminal nerve similar to that previously 
recorded; diffuse reduction of power in the muscles 
of mastication and the facial musculature; absence 
of the gag reflex; reduction of muscle power, 
especially on the left, with paralysis of the leg and 
foot musculature; generalised hypotonia; poor per- 
formance of tests of coordination, particularly so on 
the left; absence of deep reflexes in the legs, and 
greatly reduced deep reflexes in the arms, being 
weakest in the left arm; absence of the left ab- 
dominal reflexes and reduction of those on the right; 
reduction of sensation and absence of position sense 
in the left leg; considerable difficulty in walking, 
with a tendency to fall. 


As there was thought to be a possibility of cerebel- 
lar tumour, vertebral angiography was performed; 
this was normal. Electromyography of both tibialis 
anterior muscles and the extensor digitorum longus 
showed a picture of continuing denervation of those 
muscles. The mean duration of potential was nor- 
mal. These changes were thought to be due to poly- 
neuritis. 


Other investigations in the department included: 
CS.F. 1/3 Iymphocytes, 176/3 erythrocytes, 63 mg % 
protein. Blood W.R.: negative. Gonococcal complement 
fixation reaction: negative. Hb: 13.0—12.7 mg % 
Blood pressure: 130/80. Differential white cell count 
(24. 12. 59): 38 % Iymphocytes, which appeared to 
be immature and the nuclei of which had a coarse 
chromatin structure. On later examination (Febr. 
1960) ‘he differential count was normal. Other blood 
investìigations were all within normal limits. Anti- 
streptolysin titre, anti-streptococcal-hyaluronidase in- 
vestigation, Widal’s reaction, paper electrophoresis of 
serum proteins and investigation of the urine for 
porphyrins were all normal. 


The patient received physiotherapy and analgesics 
and her condition gradually improved so that on 


February 25, 1960 she could be transferred to a re- 


habilitation centre. 


DISCUSSION 

While, as mentioned, there are very few record- 
ed cases of neurological complications, other than 
poliomyelitis itself, following polio vaccination, 
there is a considerable volume of literature on 
such complications after other vaccinations and 
serum therapy. Miller & Stanton in 1954 
(5) give a review of the neurological compli- 
cations following prophylactic inoculation of 
serum, typhoidparatyphoid vaccine (T.A.B.), 
tetanus antitoxin, diphtheria vaccine, rabies vac- 
cine,‚, pertussis vaccine, various combined vac- 
cines and skin tests of serum. In their work no 
special mention is made of smallpox vaccination 
sequelae, but this subject is dealt with in detail 
in De Vries’s book “Postvaccinial Perivenous 
Encephalitis” (7). 

Miller & Stanton’s work, which is based 
on over 150 well documented cases, including 12 
personally observed cases, has considerable clin- 
ico-neurological interest. It would appear from 
their analysis that clinically the reactions fall 
into four main groups: 1) Radiculitis, 2) poly- 
neuritis, 3) Landry’s paralysis and myelitis and 
4) cerebral and meningeal forms. These groups 
are not sharply delineated, but overlap each other 
in particular cases. 

If the illness of the present patient is consider- 
ed with reference to the other accounts of neu- 
rological complications after vaccination (1, 2, 
3, 5, 6 and 7) there can be little doubt that the 
case is one of a meningo-encephalo-myelitis fol- 
lowing an injection of polio vaccine. The close 
time-relationship between the injection and the 
onset of symptoms, the clinical course, with its 
close correspondence to that in previously de- 
scribed cases, taken together with the normal 
findings on air encephalography and vertebral 
angiography, render this conclusion nearly in- 
escapable. 

In Miller & Stanton’s experience (5), the 
neurological complications usually begin about 
7—10 days after the responsible injection, and 
there are frequently one or two days of serum 
sickness first. There have, however, been reports 
of cases where the latent period has been shorter, 
and there appears to be a tendency for compli- 
cations to be most serious where the latent time 
is shortest. There are cases described where the 
latent period, as in the present patient, has been 
a matter of hours, for example that of Me ver 
et al. (3). Serum sickness does not occur in all 
cases. The interval between injeetion and onset 
of symptoms may be as long as 20-30 days, as 
in the case reported by Liebe et al. (2). 

It is obvious that the longer the time interval 
before the onset of complications, the more doubt 
there will be of the connection between injection 
and neurological sequelae. For further discussion 
of this subject reference is made to Miller & 
Stanton, 1954 (5), Liebe & Wöekels, 
1958 (2) and De Vries, 1960 (7). 
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The prolonged course of the illness is well 
known from previous experience, and there was 
a reactivation of the disease months after the 
onset, as reported here, in the case of the 28-year- 
old Pennsylvanian woman (3). 

As stated by Miller (4), Miller & Sta n- 
ton (5) and De Vries (7), there are many 
clinical and patholo-anatomical reasons for be- 
lieving that the neurological complications of 
vaccination and serum therapy are allergic in 
nature. Miller & Stanton also draw attention 
to the considerable theoretical interest these dis- 
orders have in the understanding of similar dis- 
orders, common in clinical neurology, of which 
the causation is unknown. They conclude that 
these too may well be of allergic origin. 

Of interest with reference to the present case 
is the observation by Miller & Stanton (5) 
that the sequelae of any particular inoculation 
follow, on broad lines, the symptoms of the dis- 
ease against which the inoculation has been 
given. 

It is possible that ACTH and cortisone therapy 
can reduce the severity of the complications. In 
the case reported by Meyer et al. (3) ACTH 
therapy was tried, and appeared to have some 
beneficial effect. It has also been reported (1) 
that cortisone is of use in the treatment of poly- 
neuritis of unknown origin — a disease which, 
as described above, is very probably of similar 
nature to that under discussion. 

The frequency of this type of neurological 
complication of poliomyelitis vaccination is very 
low. In the paediatric centre in Erfurt, whence 
the case of the 34-month-old child is reported, 
at least 5,000 injections of the vaccine had been 
given with only the single complication (2). But 
considering the large number of prophylactic in- 
jections which our increasing knowledge and 
ability makes reasonable and possible, we must 
expect to meet the rare cases of neurological 
complications after poliomyelitis vaccination. 


SUMMARY 


A case is described of a 31-year-old female 
laboratory technician who, within hours of re- 
ceiving her fourth vaccination against poliomye- 
litis, developed neurological complications in the 
form of headache, neck stiffness, fever, double 
vision, vertigo, clouding of consciousness, diffi- 
culty in walking, weakness and ataxia, particu- 
Yarly in the left limbs. Repeated lumbar puncture 
showed a slightly increased C.S.F. protein. There 
was gradual improvement in the course of 5—6 
months, but following a febrile episode there 
began a second attack, this time localised to the 
lower motor neurone. There were symptoms 
referable to the brain stem and diffuse reduction 
of tone and power, particularly on the left. Elec- 
tromyography revealed signs of polyneuritis. This 
attack also improved gradually over the course of 
several months. As cerebral tumour was suspected 
both air encephalography and vertebral angio- 
graphy were undertaken; both were negative. 
Attempts to culture polio virus from faeces and 
spinal fluid were unsuccessful. 

Reference is made to the literature on the 
neurological sequelae of serum therapy and vacci- 
nation, and it is concluded that this case is 
probably one of allergic reaction to the injec- 
tion of poliomyelitis vaccine. 
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CAUSES OF LATE FOETAL DEATH IN DENMARK 1955—1957 


By KAREN DREYER and SVEND NORREGAARD 


It is a well-known fact that the infant mortality 
rate for children under one year of age, taken as 
a whole, has been rapidly decreasing in most 
civilized countries during the first half of this 
century. 

The same does not, however, hold true for 
deaths occurring among children during the 
period immediately before and after birth. Broad- 
Iy speaking, one may state that the so-called 
“perinatal mortality”, i.e. the mortality in the 
late foetal stage and within the first week of life, 
has been almost constant during a long period 
of time, otherwise characterized by considerable 
medical and social progress. 

During later years, this fact has to a growing 
extent attracted the attention of people working 
in this field, and the possibilities of taking 
measures to prevent these deaths have been dis- 
cussed in numerous papers and at several inter- 
national conferences. Among the Scandinavian 
contributions to this discussion can be mentioned 
Kern’s papers from Copenhagen (2, 3), and 
Kjessler’s from Gothenburg (5), all three 
published in 1955. 

It is evident from all studies made that the 
problem of perinatal deaths is of a very complex 
nature. There are medical problems involved 
concerning both the mother and the child, and 
originating from three different periods of time, 
namely the pregnancy, the birth, and the puer- 
perium. In addition a number of social factors, 
appertaining to both general hygiene and the 
special pregnancy care must be taken into con- 
sideration. 

Furthermore, a direct comparison between the 
various studies is complicated by the fact that the 
definitions of the concepts vary, and because the 
materials are collected in different ways. 

Finally it should be borne in mind that when 
a death occurs in the period around birth it is 
often impossible, even at autopsy, to state a 
precise cause of death, the result being that a 
large part of these deaths, and especially of the 
late foetal deaths, are classified within the ill- 
defined groups. It may, in other cases, be difficult 
to decide which one of several pathological phe- 
nomena present should be designated as the one 
responsible for death. 

These difficulties are of even greater magnitude 
when it is attempted to establish country-wide 
statistics, based on the in view of the complex 
nature of the problem — often very sparse in- 
formation contained in the death certificates for 
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late foetal deaths. It is therefore easily under- 
stood that until now only few countries have 
published official statistics on late foetal deaths. 
Such statistics have not been published by Den- 
mark either, but in view of the development out- 
lined here it has been deemed necessary that an 
attempt be made to work up the material at the 
disposal of the statistical section of the National 
Health Service, namely the death certificates for 
late foetal deaths. The aim of this study has been, 
as well as to throw light on the problems con- 
nected with late foetal deaths, to get an impres- 
sion of whether a change in the certificate itself 
would be likely to render better information for 
future statistics. 

There are in Denmark two kinds of certificates 
in use for late foetal deaths, one issued by mid- 
wife and one by doctor. It is the rule that the 
midwife’s certificate must always be filled in 
and sent to the authorities, whereas a certificate 
issued by a doctor is compulsory in the towns 
only. 

The authors are fully aware of the drawbacks 
attached to this analysis. Although the greater 
part of the deaths have occurred in hospital, only 
a minor part of the diagnoses are verified at 
autopsy, and in some cases a doctor has not been 
present at the birth. Furthermore it has not been 
possible to code more than one cause of death 
in each case or to take into consideration such 
pertinent factors as the mother’s age, parity and 
marital status or the birthweight. 

It is nevertheless our hope that this study will 
give a basis for more extensive studies of the 
problem, and it may be mentioned that Keern 
found a rather good agreement between the 
results based on death certificates and the results 
based on hospital records. 

An international list of causes of death in utero 
was first published in 1920. It comprised 13 
numbers, in 1938 expanded to 15, classified in 4 
main groups: 


[. Late foetal death caused by disease in mother; 
II. Abnormalities of foetus, placenta or cord; 
HI. Birth injury; 

IV. Other. 


Not until 1948 when the International Statistical 
Classification of Diseases, Injuries and Causes of 
Death was published by WHO was it possible to 
make a more detailed analysis. This publication 
provides for a classification of causes of death 
before and during delivery (the so-called Y-list), 
comprising 10 main groups with altogether 62 
sub-groups. The list has been published by the 
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Table 1. 
Late Foetal Deaths 1955—57 by Cause, Foetal Sex, and Time of Death. Denmark. 
Y nos Cause of death 
| 
Ì 
Chronic disease in mother 
Am 
edn desen nn sn et men ensen tentanssadrndnees naan ns 
30.3 Chronic tr tenen dende eenn eden done Ed es eea een 
30.4 be reset dmaen aa ks de oe aak sid led eat wd 
ae oe an ee ele oven dad we lee Ee ee de | 
Acute disease in mother | 
eet heben dondert Semlle se ede ad terde dant ie a en a eel ee te ln Î 
rn ren arne deser ene ae wie ampn rnn ennen deed | 
31.4 me EE een nnren wend nenkervaen sereen ernendesansnenrsstines ses ere nerd || 
Diseases and conditions of pregnancy and childbirth | 
EE ereen attend bale ve EEG dae Seed ore dae Ede Eb ove de alde evo wieen | 
32.2 Haemorrhage without mention of placental condition ......................…en eneen eee een | 
32.3 Toxaemia with convulsions during pregnancy or labour (eclampsia) venen 
eeen rbe nee roamnd emee ema s nen dntnn en  aasd || 
ene esostentbdonddernandtaeendennaderesdneersserd dek nden | 
Absorption of toxic substance from mother 
ee ed een oe en ee dent a dean EN Es less ede oled Phase 
Difficu'ties in labour 
34.0 Difficult labour with EE ie en en aa id Al dea aa da wt 
34.1 disproportion but no mention of abnormality of pelvis .……….............. | | 
34.2 ” a ane ergere er | 
34.3 n e EE netensenseerdherdensaonasesonde eend | 
34.4 ee “ sene rn baat nes erdessbe deter eden sea detede | 
34.5 " et ” abnormality of organs or tissues of pelvis .…......................eeee.. | 
34.6 ns " GE seerde edes darten 
Other causes in mother 
een antr aan in ennn dae deee ude rde siet AaR naren rds arne riek 
eee en ee onee ve weende sate dln edes he dee dakmans kt | 
edn Ws re hen ME EAK be OEE Ei He oden EN | 
A RR oee erneer anne due onatmnan nete sds omeen 
Placental and cord conditions | 
36.0 Cord condition without mention of placenta abnormality .….................. eee | 
ee eren eemnes steen esennssteersers ereen senen ee ns 
36.2 Premature separation of normally implanted placenta ……..………....................neenn eenen | 
A  veriensteeensdend neee dee nardie ca mteesökend deden | 
36.4 Premature separation of normally implanted placenta with cord abnormality …...............…. 
een webadres dies ke keneden sten ee dh nst | 
EE nennen dodende simeersendsnes dei ond | 
Birth injury | 
37.0 Birth injury EE OE EE sens anker dkar ei iakide snede ses eh ed delen 
37.2 ”___disproportion, but no mention of abnormality of pelvis ……….............…. 
37.3 wi n EE ORO oh eene eee enen evenaren ern deanedenee cove eseensd | 
37.4 el n A EE dennen nende weren wi dee nd ee 
EE favenerreessediaenteineurbestenatertoonte senast eam? 
bns ede anidenn eah eveline niee dende sede ive sues 
37.7 Birth injury with difficult labour, but without mention of underlying conditions …………….…..…..….… 
37.8 _ ” ER saties tes urdkens weder dader 
Congenital malformation of foetus | 
EE cennet renem onm inne neeh pende en | 
enne noren vendere be ebervert see eenn neee ener eee 
ved edn ee ada voe orn dee dln nn sawn dale od alde alete 0 atd alain dh 
88.3 Other malformation of the central nervous system ..................s.eeseevesevesecesscensene 
38.4 Malformation Oe AE | 
38.5 EN oenrnennsnneannsnanmnsnsaanadetniaerdentins saas 
nae eenn nn dees aat tet omen vanen veeatesertstendiEr te wormen dei ven | 
ED Vitesse enten Zen tduseneninnete aman | 
Diseases of foetus and ill-defined causes 
eee ben erniet nameten ten web ane ele vane Keien es da BiA 
nahe ate ans amansr nen deansenssersnaacsdndioentatenrenieernevend 
ER are erneer bennen en ossen ers beenen tennessee ds 
A eneersrbservertsborwdutendedsedebedbetesetborndweeeeesa veerd 
EE reen eeen isvan smeer sinwendd neemen er varen Heet 
a eh chaetinenn.s ereanndrs nan tst te vanweatenshnadesnasmske aten 
nennen nnn den oe OR eh arr 
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Time of death 

Before delivery During delivery | Unknown | Total Y nos 

_ ns | natten kaak 

M F | MF M | F MF | M | F M+F | M | F MF 
1 — 1 -— — — — — 1 — 1 30.0 
18 15 33 — 2 2 1 1 2 19 18 37 30.2 
1 1 2 -— — — —- — 1 1 2 30.3 
— 1 1 — 1 1 — — — — 2 2 30.4 
3 1 4 1 1 2 — — — 4 2 6 30.5 
4 1 5 —- 1 1 — — — 4 2 6 31.1 
— _— — — 1 1 —- — — -— 1 1 313 
2 3 2 — 2 4 — 4 1 2 9 314 
— 1 1 —- — — -— —— — — 1 1 421 
4 3 7 3 3 6 1 — 1 8 6 14 32.2 
10 7 17 2 4 6 3 11 4 15 22 87 323 
49 32 81 8 10 18 9 7 16 66 49 115 324 
5 4 9 1 1 2 3 4 7 9 9 18 32.5 
— 2 2 — — — — — — -— 2 2 33.2 
_ _ — 5 4 9 2 5 8 6 14 34.0 
8 9 17 19 22 41 11 12 23 38 43 81 34.1 
37 36 73 101 59 160 67 48 115 205 143 348 34.2 
3 4 7 13 — 22 4 4 8 20 17 37 343 
3 — 3 7 1 8 1 3 4 11 4 15 344 
— 1 1 1 — 1 — 1 1 1 2 3 345 
3 — 3 14 13 27 12 11 23 29 24 53 34.6 
5 5 10 — — — — 1 1 5 6 11 35.0 
4 1 5 — —- — — 2 2 4 3 1 S51 
— 2 2 —— — — — — —- —— 2 2 35.2 
_— — — 1 — 1 — — — 1 — 1 35.3 
119 86 205 132 92 224 73 54 127 324 232 556 36.0 
3 6 9 12 9 21 8 12 20 23 27 50 36.1 
93 65 158 76 57 133 81 53 134 250 175 425 36.2 
2 — 2 4 — 4 2 1 3 8 1 9 36.3 
— 1 1 4 4 8 3 1 4 7 6 13 36.4 
26 24 50 1 4 5 4 4 8 31 32 63 36.5 
12 19 31 4 3 7 8 4 12 24 26 50 36.6 
_— _— — — 2 2 — 1 1 -— 3 8 370 
— — — 2 1 3 2 — 2 4 1 5 37.2 
1 — 1 7 5 12 10 5 15 18 10 28 37.3 
_ _— _— — 2 2 1 — 1 1 2 3 374 
1 3 4 5 3 8 6 1 7 12 7 19 37.5 
2 — 2 2 6 8 6 2 8 10 8 18 37.6 
a _ _— 6 — 6 1 1 2 7 1 8 37.7 
1 5 6 12 7 19 12 12 24 25 24 49 37.8 
15 30 45 8 17 25 7 53 60 30 100 130 38.0 
30 21 51 7 11 18 18 18 36 55 50 105 38.1 
4 3 7 2 4 6 2 3 5 8 10 18 38.2 
1 6 7 3 1 4 — 1 1 4 8 12 38.3 
2 2 4 4 4 8 4 2 6 10 8 18 38.4 
4 4 8 10 10 20 11 12 23 25 26 51 38.5 
_— — — 2 2 4 1 — 1 3 2 5 38.6 
7 3 10 3 2 5 2 7 9 12 12 24 38.7 
_ — — — 2 2 — — — -— 2 2 39.1 
44 40 84 3 5 8 6 4 10 53 49 102 39.2 
_— 1 1 — 1 1 — — — — 2 2 393 
341 309 650 5 4 9 7 7 14 353 320 673 39.4 
39 45 84 126 73 199 88 91 179 253 209 462 39.5 
19 21 40 40 39 79 41 36 17 100 9% 196 39.6 

| 925 822 1747 658 501 1160 523 492 1015 2106 1816 3922 
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National Health Service in Danish and Latin in 
the publication »Sygdomsklassifikation« (4), pp. 
129132, and has been used for the following 
tables. 

It has been a main rule for coding of the certi- 
ficates that the death has been attributed to the 
condition stated by the doctor and/or midwife 
as the supposed cause of death. An exception from 
this rule has been made concerning malposition 
of foetus which has not been counted where 
another possible condition was mentioned, except 
if the malposition of the foetus made spontaneous 
delivery impossible (brow presentation and trans- 
verse lie). Furthermore, congenital malformations 
have been given priority above birth injury. 

It has been attempted to get an impression of 
the time of death by an evaluation of the inform- 
ation on this point given in the certificates. It 
has, however, in many instances, not been pos- 
sible to make such an estimate with any reason- 
able degree of certainty, and it has therefore been 
necessary, for the present, to maintain three 
groups as to time of death: before, and during 
delivery and unknown. Some further remarks on 
this topic are given below. 


MATERIAL 


All death certificates for late foetal deaths 
during the three year period 1955—57 have been 
used for this analysis. The number of late foetal 
deaths in this period was 3923, namely 1396, 1358 
and 1169 respectively in the three years. One 
death, occurring in 1956, has been excluded be- 
cause both foetal sex and time of death were un- 
known. The material thus comprises 3922 late 
foetal deaths. 

These deaths have been coded according to 
the rules outlined above. The distribution by 
cause, sex and time of death is shown in Table 1. 
2106 or 53.7 per cent were males, a somewhat 
greater preponderance than among live-born 
children where the percentage of males during 
the same period was 51.6. The corresponding per- 
centage within the three groups according to time 
of death was 52.9, 56.7 and 51.5 respectively. Table 
2 shows the percentage distribution by time of 
death for males, females and both sexes com- 
bined. The time of death was unknown in about 
25 per cent of the cases, 45 per cent died before 
and 30 per cent during delivery. There are only 
slight differences between the sexes in this re- 
spect. 

The percentage distribution by cause of death, 
foetal sex and time of death is shown in Table 3. 
The differences between the two sexes are only 
small, except for congenital malformations, which 
are responsible for 12 per cent of the female 
deaths, and for only 7 per cent of the male deaths. 
This discrepancy is mainly due to the diagnosis 
Y 38.0, anencephalus, which was the cause of 
death for 100 females and only 30 males. 





It is remarkable that almost six per cent of 
the deaths occurring before delivery (a total of 
104 cases) are due to difficulties in labour, of 
which the greater part, namely 73, are ascribed 
to malposition of foetus. This, together with the 
great number of cases where the time of death 
was unknown, indicates that the certifiers have 
not shown sufficient care in answering this 
question. 

The group Y 39 has been specified in more 
detail at the bottom of the table, in order to show 
how great a role is played by the ill-defined and 
unspecified causes. It is seen that about 17 per 
cent — the same for males and females — belong 
to this sub-group. Among the deaths occurring 
before delivery this group comprises only seven 
per cent, and for the two other groups about 
25 per cent. 

A comparison between the distribution by 
cause of death in the three groups reveals a 
striking resemblance between the groups “un- 
known” and “during delivery”. The only notice- 
able difference occurs for the group congenital 
malformations, but the difference between the 
unknown and the deaths occurring before de- 
livery is in this group of the same magnitude. 

In view of these considerations it appears to 
be justified to regard the cases in which the time 
of death is unknown as belonging to the group: 
occurred during delivery. An exception is made, 
however, as regards all cases of maceration, which 
are regarded as occurred before delivery. Fur- 
thermore, all deaths due to difficulties in labour 
are regarded as occurred during delivery. 

As a result of this revision the preponderance 
of males in the group “during delivery” has de- 
creased from 56.7 per cent to 54.2 per cent, and 
the discrepancy between the sex distribution 
within the two groups is smaller than originally. 

Corresponding to the figures in Table 2 we 
have the revised figures in Table 2a. A com- 


Table 2. 


Late Foetal Deaths 1955—57. Percentage Distribution 
by Time of Death and Foetal Sex. Denmark. 

















Time of death Males Females Total 

Before delivery .……….…………. 43.9 45.3 44.5 

During delivery 31.3 27.6 29.6 

De ve 24.8 27.1 25.9 

ie wiec ern ie ae k oc 100.0 100.0 100.0 
Table 2a. 


Late Foetal Deaths 1955—57. Percentage Distribution 
by Time of Death and Foetal Sex. Revised Figures. 














Denmark. 
ee Time of death Males Females Total * 
Before delivery ….……………. 41.9 43.1 42.5 
During delivery ….….…………. 58.1 56.9 57.5 
Total …. ; tnt sm wenn 100.0 100.0 100.40 
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Table 3. 


Late Foetal Deaths 1955—57. Percentage Distribution 


by Cause of Death, Foetal Ser and Time of Death. 























Denmark. 
_—— 7 : __ - maten 
Y nos. Cause of death |__Males | Females rd Bastns Unknown Total atmal 
| | | delivery delivery numbers 

30 Chronic disease in mother .…………….….…......…. 1.19 1.27 2.35 0.43 0.20 1.22 48 
31 Acute disease in mother ……............... 0.52 0.28 0.46 0.34 0.39 0.41 16 
32 Diseases and conditions of pregnancy and 

OE ink eel hd on ee 4.65 4.79 6.58 2.76 3.74 4.72 185 
33 Absorption of toxic substance from mother — 0.11 0.11 0.05 2 
34 RE ersertenenernsss 14.82 13.16 5.95 23.10 17.64 1405 551 
35 Other causes in mether .…................ 0.47 0.61 0.97 0.09 0.30 0.53 21 
36 Placenta and cord conditions .…….…….….…..... 31.67 27.48 26.10 34.65 30.34 29.73 1166 
37 Ee ae ee we voel oe 3.66 3.08 0.75 5.18 5.91 3.39 133 
38 Congenital malformation of foetus 6.98 11.89 1.56 1.165 13.89 9.26 363 
39 Diseases of foetus and ill-defined causes … 35.04 37.33 49.17 25.69 27.59 36.64 1437 

EE reede ae se ne en aar a 100.00 100.00 100.00 100.00 100.00 100.00 3922 
39.1— Infections, erythroblastosis and other caus- 
39.3 ne REET EL TEL EER TELETEN 2.52 2.92 4.86 0.95 0.99 2.70 106 
39.4 Maceration, cause not specified 16.76 17.62 37.21 0.77 138 17.16 673 
39.5 — 
39.5 Other ill-defined or unspecified cause .…… 16.76 16.79 71.10 23.97 25.22 16.78 658 





Table 3 a. 


Late Foetal Deaths 1955—57. Percentage Distribution 


by Cause of Death and Time of Death, Revised 


Figures. Denmark. 














Yan Cause ot dart | | me en | "ie 
30 Chronic disease in mother ………........... 2.46 0.31 1.22 85.4 52.1 
31 Acute disease in mother .…................ 0.48 0.35 0.41 50.0 68.8 
32 Diseases and conditions of pregnancy and 

ane snnnekD eed heven sat s 6.90 3.10 4.72 62.2 53.0 
33 Absorption of toxic substance from mother 0.12 -— 0.05 100.0 - 
34 De Bn MNU oasen eene soe ee. — 24.42 14.05 — 56.6 
35 Geer onhhen Om MROERGE „eene eee 1.02 0.18 0.53 81.0 47.6 
36 Placenta and cord conditions .……….….…...... 27.37 31.47 29.73 39.1 57.2 
37 ner denn lb ep ie deden 0.78 5.32 3.39 9.8 57.9 
38 Congenital malformation of foetus .……….…. 7.92 10.24 9.26 36.4 40.5 
39 Diseases of foetus, and ill-defined causes .… 52.94 24.60 36.64 61.4 52.8 

eneen rn aman sin ale cn canon 99.99 99.99 100.00 42.5 53.4 
39.1 — Infections, erythroblastosis and other caus- 
39.3 Od PN 5.10 0.93 2.70 80.2 50.0 
39.4 Maceration, cause not specified ……… 40.40 - 17.16 100.0 52.5 
39.5 — 
39.6 Other ill-defined or unspecified cause .……. 7.44 23.67 16.78 18.8 53.6 





parison of these figures with those found by 
Keern (3) by a meticulous study of hospital 
records confirm our suspicion that the inform- 
ation in the death certificates about time of death 
is probably rather unreliable. Kee rn found that 
about two thirds of the deaths occurred during 
delivery, whereas this material — even after the 
aforementioned corrections have been made — 
shows only 57.5 per cent occurring during de- 
livery. 

The first two columns of Table 3 are un- 
affected by the correction whereas the rest of 
the revised table is shown in Table 3 a, together 
with two columns showing the per cent of deaths 
occurring before delivery and per cent of males 


in each group. Only 40.5 per cent of deaths due 
to congenital malformations were males, owing 
to the great preponderance of females with the 
diagnosis Y 38.0, anencephalus. 

Tables 4 and 5, showing the percentage distri- 
bution of deaths within certain diagnostic groups, 
are analogous to Keer n's Tables 5 and 6 (3). The 
main causes mentioned in Table 4 cover about 
15 per cent of all late foetal deaths, slightly more 
for females than for males, and the predisposing 
factors in Table 5 account for 35 per cent, slightly 
less among females than among males. These 
differences between the sexes are mainly due to 
congenital malformations and toxaemias, the 
greatest difference appearing in congenital mal- 
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: Table 4. 
Certain Causes of Late Foetal Death (Kern: “Main causes”) in per cent of all Late Foetal Deaths 1955—57. 
By Foetal Sex and Time of Death, Revised Figures. Denmark. 



































Before delivery | During delivery Total 
Cause of death a __ 
M | F M +F | M | F M + F M | F | M +F 
DN OE annendmewrernsdidees. duenee 0.6 08 59 46 53 3.7 3.1 3.4 


Congenital malformation of foetus 38.0—38.7 …………. 
EN: se on emea nn an mdnk enne sen 


1.0 
71 88 79 69 142 102 70 119 93 
51 50 07 09 08 25 27 26 





EE aorkvonasdaretnseen sena we sede kik Sh rik 


12.7 14.9 13.7 13.5 19.7 16.3 13.2 17.7 152 





Table 5. 


Certain Causes of Late Foetal Death (Kern: “Predisposing factors”) in per cent of all Late Foetal Deaths 
1955—57. By Foetal Ser and Time of Death, Revised Figures. Denmark. 











Cause of death 


Before delivery During delivery | Total 





u| or [mer “| r wael nm | or [mer 








Diabetes mellitus in mother 30.2 .…..…............... 
Toxaemia and premature separation of placenta 32.3, 
EE inkeer keseentveossebannvendietses 
Piaeenta penola SB1, BEB soo soeeseresens sene. 
A  anndnvsarnerndentdnaede sn. 


20 19 20 01 03 62 09 10 69 


17.2 134 154 15.2 142 148 160 13.9 15.0 
06 68 67 al al 21 15 15 15 
148 134 142 17.7 148 164 165 142 15.5 






































eb re Ge 29 31 30 04 08 06 15 18 16 
Arre EN * 37.6 32.6 35.2 35.6 32.2 34.0 36.4 324 34.5 
Table 6. 
Causes of Late Foetal Death in Certain Countries. Rates per 10.000 Live-born. 
© s 
Cause of death Denmark 8 2 | Netherlands | Scotland | New Zealand 8e Italy 
Y-nos. 1955-56 8 S 1953-55 1953-55 1953-54 5 2 | 1954-55 
30 Chronic disease in mother .……… 2.3 1.9 5.6 5.6 6.2 2.9 16.3 
30.0 gee 0.1 0.1 0.3 0.3 0.2 0.2 12.3 
30.2 neee 2.0 1.0 18 13 2.1 1.2 0.8 
31 Acute disease in mother ..….….…..........…. 0.5 1.2 0.9 1.5 2.4 0.9 1.7 
32 Diseases and conditions of pregnancy and 
A eer ree 7.6 18.8 19.4 43.3 37.2 16.6 39.8 
32.3— 
32.4 TA 6.3 18.6 19.1 21.7 23.4 13.8 37.1 
33 Absorption of toxic substance from mother 0.1 0.1 0.1 0.2 — 0.2 0.0 
34 en A OP aes seseonesonens 26.5 2.5 23.1 27.5 21.1 16.9 60.3 
34.2 ER neneernesenmentenen 17.0 0.9 91 11.2 9.3 7.8 28.1 
35 Other causes in mother .…….……............. 1.0 0.6 1.3 3.0 14 3.1 8.9 
35.2 rede en 0.1 —- 0.0 0.3 0.6 0.3 5.7 
36 Placental and cord conditions .….….......... 53.0 43.8 41.3 63.9 44.5 50.1 84.3 
36.2— Premature separation of normally implant- 
36.4 OE annen hetis ee dn 19.5 11.9 11.7 49 9.0 18.1 16.5 
37 EE nanne st senses een 6.1 13.6 3.0 9.4 2.5 4.2 2.9 
38 Congenital malformation of foetus .…....…. 17.3 18.5 21.4 53.1 21.2 26.2 26.1 
38.0 OO * its oek ese nt dash eo 6.3 4.3 10.4 28.8 7,9 11.7 10.0 
39 Diseases of foetus and ill-defined causes …… 64.9 31.9 59.1 48.0 40.1 41.9 42.4 
39.2 NES Ens ses een 41 1.9 6.2 8.6 12.7 18 1.7 
39.4 Maceration, cause not specified …....… 28.3 13.8 16.0 10.7 3.2 3.6 9.0 
39.5 Other ill-defined cause …..............…. 21.9 0.6 22.9 25.6 10.0 19.4 23.2 
39.6 NE? ie evans sane een o 10.2 14.5 13.7 2.9 14.0 11.4 70 
inns an nc iik 179.3 1328 175.2 255.3 1766 1630 2829 





formations among those who died during de- 
livery, while the difference in toxaemias is slight- 
ly higher in the group “before delivery”. Al- 
though the information about time of death is 
rather uncertain there is no reason to believe 
that this uncertainty has affected the sex-differ- 
ences, so that it may be stated with reasonable 


certainty that congenitaal malformations are more 
often the cause of death among girls dying during 
delivery than among the corresponding group of 
boys. 

A direct comparison between these tables and 
those shown by Keern is not possible, because 
Keer n’s figures are not specified for late foetal 
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and postnatal deaths. It may be mentioned, how- 
ever, that the main causes in Table 4 according 
to Keern are responsible for approximately the 
same proportion of the perinatal deaths, namely 
15 per cent, whereas the predisposing factors in 
Table 5 cover less than 20 per cent of all perinatal 
deaths. Thus it seems that these factors play a 
larger role for late foetal deaths than for post- 
natal deaths. This difference may, however, partly 
be due to different coding procedures. It is ap- 
parent only within the group toxaemias and 
premature separation of placenta, and may thus 
have been caused by a greater tendency to stress 
this cause of death in our material. 


INTERNATIONAL FIGURES 


As mentioned in the introduction great diffi- 
culties are involved in trying to compare figures 
from different countries within this field. We 
have, however, deemed it of sufficient interest to 
present a table (6), derived from WHO'’s report 
on perinatal mortality (1). There is actually a 
striking resemblance between the figures from 
these countries. 

The figures are only presented for both sexes 
combined as the differences between the sexes 
for most causes are negligible. The mortality is 
in most cases slightly higher for males than for 
females. An exception is congenital malformation, 
where the female mortality is higher in all coun- 
tries than the male one. This is caused by a higher 
frequency in females of anencephalus, a pheno- 
menon which has been known for some time. 

A few comments on the table are given below. 


The high frequency in Italy of chronic disease 
in the mother is caused by syphilis alone, and 
the mortality from diabetes seems to be of ap- 
proximately the same magnitude in the different 
countries. 

Toxaemias account for the differences within 
the group Diseases and conditions of pregnancy, 
and Denmark has the lowest frequency from this 
cause, probably due to the high standard of 
pregnancy hygiene in this country. 

The figures for difficulties in labour are on 
the same level except in Finland and Italy. The 
low frequency in Finland is due to the fact that 
most of these cases are classified as birth injury, 
whereas the explanation of the high Italian fre- 
quency may be that a number of unspecified cases 
have been classified as difficulties in labour. Mal- 
position of foetus makes up the largest subgroup 
in all these countries. 

Other causes in the mother are of minor im- 
portance except in Italy where overexertion 
plays a certain role. 

The group placental and cord conditions is 
dominated by premature separation of placenta 
and cord condition. The frequency of the first 
cause is astonishingly high in Denmark compared 


with the low frequency of toxaemias, but may 
perhaps be partly accounted for by coding pro- 
cedures (see above). Scotland and New Zealand 
have both a low frequency of premature separa- 
tion of placenta, but on the other hand a high 
frequency of haemorrhage (Y 32.2), namely 29.3 
and 12.7 per 10,000 live-born respectively. 

Unfortunately, there is no break-down of the 
figures for birth injury. The total frequency is 
highest in Finland, cf. the remarks above con- 
cerning difficulties in labour. 

As to congenital malformations only Scotland 
differs from the general level, owing to a high 
frequency of anencephalus and hydrocephalus, 
a phenomenon for which we have not been able 
to find any explanation. 

Diseases of foetus appear to be of the same 
magnitude in the different countries, although 
the frequency of erythroblastosis is remarkably 
low in Italy and Finland (faulty diagnosis?, good 
treatment?), and remarkably high in New Zea- 
land. 

The last three groups in the list are of great 
interest in spite of their lacking specificity, be- 
cause they allow for an estimate of the sufficiency 
of the information in the death certificate. The 
group other ill-defined causes is negligible in Fin- 
land, but in the rest of the countries roughly 
speaking 10 per cent of all late foetal deaths are 
referred to this group, a fact which demonstrates 
the difficulties in arriving at an exact diagnosis. 
Also the group cause unspecified is at a too high 
level. 

The group maceration, which must also be 
considered as unspecified, is remarkably high in 
Denmark. 

In Table 7 is shown the percentage of all late 
foetal deaths referred to the groups Y 39.4—Y 39.6 
in these countries. It is seen that more than one 
third of the deaths in Denmark belong to these 
groups, and it may be added that if the midwife's 
certificate had not been in existence, the fre- 
quency in these groups would have been even 
higher. 


Table 7. 


Percentage of Late Foetal Deaths due to Unspecified 
and Ill-defined Groups (Y 39.4—Y 39.6). 











Percentage 
EO 21.1 
EE eenn ne na 33.7 
OEE 21.7 
enen ennen 13.9 
sen sneened 30.0 
Ben BRB „aen eeesce 15.4 





As stressed before these international com- 
parisons must be considered with great reserva- 
tion, but even with a liberal allowance for dif- 
ferences caused by different coding procedures, 
discrepancies in definitions of concepts etc. the 
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position taken up by our country is too poor, the 
social level and living conditions taken into con- 
sideration. 

There is to our mind no doubt that these results 
must give rise to a discussion of the advisability 
of improving the Danish death certificate for 
late foetal deaths, and, not least, the doctors’ 
attitude towards this problem. 


SUMMARY 

The fact that the decrease in perinatal mor- 
tality has not kept pace with the decrease in the 
general infant mortality during the last decades 
has in later years drawn the attention of people 
working in this field. The problems involved are 
of a very complex nature, and comparisons be- 
tween the different studies are difficult to under- 
take. Nevertheless, the present study af late foetal 
deaths in Denmark during the three vear period 
1955—57 is presented as a contribution to the 
discussion of these problems, and as a demonstra- 
tion of the lack of sufficient information in the 
death certificates for late foetal deaths. 

The material comprises altogether 3,922 deaths 
and is broken down by sex, cause of death and 
time of death. About 25 per cent were unknown 
as to time of death, but the figures reveal that 
these deaths probably occurred during delivery, 
and the tables are revised accordingly. Even after 
this revision the figures show a smaller pro- 
portion of deaths during delivery than found by 
Keern. 

The distribution according to cause of death 
shows a greater proportion of males in most 
groups. Congenital malformations have, however, 
only 40.5 per cent males owing to the well-known 
preponderance of females with the diagnosis an- 


encephalus. 17 per cent of the deaths belong 
to the group ill-defined and unspecified cau 
namely 7 per cent among those who died befog 
delivery and almost 25 per cent in the ott 
group. B 4 

15 per cent of all late foetal deaths fell with 
the groups birth injury, congenital malformatic 
and erythroblastosis, the same proportion 
found by K ee r_n among perinatal deaths, where 
certain predisposing factors (see Table 5) we 
responsible for a greater proportion of late fo 
deaths than of perinatal deaths. 

A comparison of causes of late foetal dea 
in certain countries, based on figures publis 
by WHO, is shown in Table 6, and the m 
striking differences are commented on. The cont 
parison shows that Denmark has the highest pré 
portion of these countries of ill-defined and um 
specified causes (including maceration), nam 
one third. Although such international comp 
sons must be considered with great reservati 
there is no doubt that an improvement of 
Danish death certificates for late foetal deatlik 
is called for, and, not least, a change in thê 
doector’s attitude towards this problem. Ô 
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